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SECTION B OF NNGOSEA01C
SUPPLIES OR SERVICES AND PRICES/COSTS

B.1 DELIVERABLE REQUIREMENTS (GSFC 52.211-90) (OCT 1988)

The Contractor shall provide the personnel, materials, equipment and facilities, except as otherwise
provided in the contract, necessary to provide the items described below and as described under Clause
J.1 entitled “List of Attachments”.

ITEM DESCRIPTION REFERENCE/ | DELIVERY | SHIPPING
QTY DATE CLASS
1 SOW Requirements C.1& J.1 See C.1& J.1 N/A
Deliverable Items List and Schedule (DILS)/Data
Requirements Document (DRD)/Mission Assurance N/A
2 Requirements (MAR) C4&lJ.1 As required
DoD Industrial Plant Equipment NFS 1852.245-70 See G.1 N/A
3 (Form DD 1419) NFS 1852.245-71
NASA Property in the Custody of Contractors NFS 1852.245-73 See G.1 N/A
4 (NASA Form 1018)
Financial Management Reports G.2 See G.2 N/A
6 New Technology Reports G.7 See G.7 N/A
H.8/NFS 1852.219- H.8/NFS N/A
7 Small Business Subcontracting Reports 75 1852.219-75
Material Safety Data Sheets See Clause 1.5 See Clause 1.5 v
See NFS N/A
Notification of Noncompliance with Safety 1852.223-70 &
9 Standards & Quarterly Health and Safety Reports H.1& H.10 H.10
10 -System Requirements Review (SRR) Ca&ll 10/2004 N/A
1 Preliminary Design Review (PDR) Ca&ll 11/2004 NA
12 Critical Design Review (CDR) Ca&ll 06/2005 N/A
13 Mission Operations Review (MOR) Ca&ll 09/2005 N/A
14 Test Readiness Review (TRR) Ca&ll 09/2006 NA
15 Operations Readiness Review (ORR) CAa&ll 12/2006 N/A
16 Pre-Shipment Review (PSR) Ca&ll 03/2007 N/A
Final Report C3 Thirty (30) days N/A
after completion
17 of Disposal
HRYV Deorbit Module 1 Launch minus 1
18 (For Mission Level I&T) Nine (9) Months
Acceptance of HRV Deorbit Module 1 Launch plus 90 N/A
19 after in-Orbit Checkout days .
HST/HRYV Deorbit Module Disposal Cl&ll Launch plus N/A
20 Disposal**
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HRYV Deorbit Module Special Studies C5&H.15 Award thru N/A
21 ' Launch
HRYV Deorbit Module Mission Operation Tasks C.6& H.15 Launch thru N/A
22 Disposal
Shipping Containers, Handling & Integration 1 Set/C.1 & J.1 With Item 18 10
23 Equipment and Fixtures
24 Common Components H.5,Cl1 &J.1 As required I
Shipping Containers, Handling & Integration 1 Set/C.1&1J.1 With Item 24 I
25 Equipment and Fixtures
26 RESERVED N/A N/A N/A
27 RESERVED N/A N/A N/A
28 RESERVED N/A N/A N/A
Software Development & Validation Facility 1/C.1 & J.1 Twelve (12) 11
(SDVF) including the GSE Software. (SDVF deliver Months ACA
29 in place)
Software Development & Validation Facility 1/C.1&J.1 Twelve (12) 1T
(SDVF) including the GSE Software.(FSW Months ACA
30 Validation & Maintenance Facility deliver to GSFC)
Software Development & Validation Facility 1/C1 &J.1 Twelve (12) 11
(SDVF) including the GSE Software : Months ACA
31 (HRYV Training Simulator deliver to GSFC)
Ground System 2/C.1&1J.1 Twelve (12) |
32 Validation Simulator Months ACA
HRYV DM Ground Test System. Hardware & 2 Sets/C.1 & J.1 Twelve (12) 1
33 Software Months ACA
HRYV DM Flight Software Cl&l.1 With item 18 I
34 Source Code
Handling Fixtures, Mechanical Ground Support Cl1&lJ.1 With item 18 I
Equipment, Electrical GSE and Test Software
36 associated with the HRV DM.
Engineering Test Units for each Navigation Sensor Cl&ll 3 months after 11
37 item 12
Engineering Test relative navigation software source Cl&lJ.1 With item 12 II
38 code
Software Development, Validation and Maintenance Cl&ll Twelve (12) I
39 Environment Months ACA
4 HRV DM Electrical Cl&l.1 Launch minus 16 1
40 Interface Simulator months
Thermal — Mechanical Cl&l.1 Launch minus 15 ‘ 1
41 HRV DM Simulator months
DMGTS Application Cl&ll With item 12 II
42 Program Interfaces
43 DMGTS Trainer Cl&l.1 With item 12 I

*ACA = After Contract Award

** Disposal = To be determined depending on the disposal method proposed by the contractor.

However if the contractor proposes to utilize the alternate method of HST disposal, in accordance with
NPD 8710.3B (perigee > 2,500 km, Apogee < 35,288 km) the disposal shall be accomplished within five
years after initiation of the disposal process. The completion of the disposal process shall be no more
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than twelve (12) years after launch. This clause may be modified after contract award to reflect the
actual disposal method of the selected offeror.

B.2 ESTIMATED COST INCREASES (GSFC 52.232-94) (SEP 1998)

(a) The requirements of this clause are in conjunction with the Limitation of Cost clause or the
Limitation of Funds clause of this contract.

(b) The Contractor shall notify the Contracting Officer in writing when the Contractor has reason to
believe that the total cost for performance of this contract, exclusive of any fee, will be either greater or
substantially less than the total estimated cost stated in this contract. Notification shall not be delayed
pending preparation of a proposal.

(c) A proposal is required to support a request for an increase in the estimated cost of the contract. The
proposal should be submitted as soon as possible after the above notification but no later than 115 days
before the incurred costs are expected to exceed the estimated cost. This will allow adequate time for
the Government to evaluate the proposal and to mutually establish any increase in estimated cost with
the Contractor.

(d)(1) The proposal shall be submitted in the following format unless some other format is directed or
approved by the Contracting Officer:

Incurred costs to date

Projected cost to completion

Total cost at completion

Current negotiated estimated cost
Requested increase in estimated cost

(2) The “projected cost to completion” shall consist of the following “other than cost or pricing
data” unless the Contracting Officer requests or approves the submittal of a greater or lesser amount of
information:

(1) Elements of cost with supporting detail for estimated direct labor hours, direct and
indirect rates, materials and subcontracts, and other elements.

(i1) Supporting explanation for the increases and projections, sufficient for the
Government to understand the reasons for the increased estimated cost.

(End of clause)
B.3 PERFORMANCE INCENTIVE (1852.216-88) (JAN 1997)
(a) A performance incentive applies to the following hardware item(s) delivered under this contract:

Item 18 “Deorbit Module” — Performance of the HRV Deorbit Module will be measured by the
following performance requirements: (1) Capture/docking with the Hubble Space Telescope (HST), (2)
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Robotic Servicing Support (3) Ejection of the DM, (4) HST Life augmentation functions and
housekeeping, and 5) Safe disposal of the HST/DM combined spacecraft.

The performance incentive will measure the performance of those items against the salient hardware
performance requirement, called “unit(s) of measurement,” e.g., months in service or amount of data
transmitted, identified below. The performance incentive becomes effective when the hardware is put
into service. It includes a standard performance level, a positive incentive, and a negative incentive,
which are described in this clause.

(b) Standard performance level. At the standard performance level, the Contractor has met the contract
requirement for the unit of measurement. Neither positive nor negative incentives apply when this level
is achieved but not exceeded. The standard performance level for each of the hardware items is
established as follows:

The HRVDM shall capture/dock with the HST.

The HRVDM shall maintain supervisory control functions during HST servicing.

The HRVDM shall perform mechanical detachment of the EM from the DM.

The HRVDM performs its HST life augmentation functions through the hardware that
resides within it (batteries and ECU’s) and housekeeping for five (5) years.

e. The HRVDM shall provide the HST with a controlled reentry or other disposal capability
at end-of-mission in accordance with NPD 8710.3B.**

a0 op

(c) Positive incentive. The Contractor earns a separate positive incentive amount for each hardware
item listed in paragraph (a) of this clause when the standard performance level for that item is exceeded.
The amount earned for each item varies with the units of measurement achieved, up to a maximum
positive performance incentive amount of $21.488.101. The units of measurement and the incentive
amounts associated with achieving each unit are shown below:

Item Description Percentage*| Amount

a. |The HRV DM shall capture/dock within specified fuel budgets. 30.0% § TBD
The HRV DM shall maintain supervisory control functions during HST
servicing in accordance with Attachment B Section 6.3.4.4 entitled § TBD
b. [“Servicing Activities”, without anomalies. 10.0%
The HRV DM successfully ejects the HRV EM after servicing in accordance
with Attachment B Section 6.3.5 entitled “EM Ejection”, with the primary $§ TBD
C |system. - 20.0%
The HRV DM performs its HST life augmentation for more than 5 years after $ TBD
d. |in-orbit checkout. 15.00%
The HRV DM successfully disposes of the HST at end-of-mission, in
accordance with NPD 8710.3B, and (Deorbit) safely deorbits with $ TBD
reentry dispersion area no larger that 80% of the allowed dispersion

area, or (boost) achieves required parking orbit with perigee of at least
e. [2600 km.** 25.00%
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* Percentage is based on amount established under (c) above.

(d) Negative incentive. The Contractor will pay to the Government a negative incentive amount for
each hardware item that fails to achieve the standard performance level. The amount to be paid for each
item varies with the units of measurement achieved, up to the maximum negative incentive amount of
$_Total Award Fee Earned. The units of measurement and the incentive amounts associated with
achieving each unit are shown below:

Item Description Percentage*| Amount
a. |The HRVDM fails to capture/dock with HST 100.0% TBD
Any failure of the DM to maintain supervisory control functions which
b [results in damage to HST or inability to complete the servicing mission. 50.0% § TBD
¢ |The HRVDM fails to safely eject the EM upon end of servicing*** 100.00% $ TBD
The HRVDM performs its HST life augmentation for less than 5 years $ TBD
d |after in-orbit checkout. 15.00%
The HRVDM does not provide controlled reentry or otherwise dispose of
e [the HST upon end of mission in accordance with NPD 8710.3B** 100.00% |$ TBD

* Percentage is based on amount established under (d) above.

** This clause may be modified after contract award to reflect the actual disposal method of the selected
offeror.

***For this purpose, safe ejection is considered an ejection of the EM that causes no damage to the HST
or the DM, and which permits a controlled reentry of the EM.

(e) The final calculation of positive or negative performance incentive amounts shall be done when
performance (as defined by the unit of measurement) ceases or when the maximum positive incentive is
reached.

(1) When the Contracting Officer determines that the performance level achieved fell below the
standard performance level, the Contractor will either pay the amount due the Government or credit the
next payment voucher for the amount due, as directed by the Contracting Officer.

(2) When the performance level exceeds the standard level, the Contractor may request payment
of the incentive amount associated with a given level of performance, provided that such payments shall
not be more frequent than monthly. When performance ceases or the maximum positive incentive is
reached, the Government shall calculate the final performance incentive earned and unpaid and promptly
remit it to the contractor.

(f) If performance cannot be demonstrated, through no fault of the Contractor, within See table below
after the date of hardware acceptance by the Government, the Contractor will be paid Seventy —five (75)
percent of the maximum performance incentive.

Item Incentivize Event Period of time
a. |Capture/Docking with HST Twelve (12) months after Launch




SECTION B OF NNGO5SEA01C
SUPPLIES OR SERVICES AND PRICES/COSTS

b. |Supervisory control functions Twelve (12) months after Capture/Docking

c. |The HRV DM Ejection of the HRV EM [Twelve (12) months after completion of servicing

d. [HST life augmentation Twelve (12) months after ejection

e. |HST/DM Disposal Twelve (12) months after planned initiation of disposal

(g) The decisions made as to the amount(s) of positive or negative incentives are subject to the Disputes
clause. '

(End of clause)

B.4 ESTIMATED COST AND AWARD FEE (18-52.216-85) (SEPTEMBER
1993)--ALTERNATE I (SEPTEMBER 1993)

The estimated cost of this contract is $287,602,712. The maximum available award fee, excluding base
fee, if any, is $21,488.,101. The base fee is $ 0 Total estimated cost, base fee, and maximum award fee
are $309.090.813. The maximum positive performance incentive is $21,488,101. The maximum
negative performance incentive is $21,488,101.

(End of clause)

B.5 CONTRACT FUNDING (1852.232-81) (JUN 1990)

(a) For purposes of payment of cost, exclusive of fee, in accordance with the Limitation of
Funds clause, the total amount allotted by the Government to this contract is $5,320,000 This allotment
is for Effort required under the contract  and covers the following estimated period of
performance: Until funds are exhausted .

(b) An additional amount of $399,000 is obligated under this contract for payment of fee.

PR No. 4200085195 Total Obligated Amount: $5,719,000

(End of clause)
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DESCRIPTION/SPECIFICATIONS/WORK STATEMENT

C.1 SCOPE OF WORK (GSFC 52.211-91) (FEB 1991)

The Contractor shall provide the personnel, materials, equipment and facilities, except as otherwise
provided in this contract, necessary to furnish the items specified in Section B of this contract in
accordance with Clause J.1, List of Attachments.

(End of clause)

C.2 LIMITED RIGHTS DATA OR RESTRICTED COMPUTER SOFTWARE (GSFC
52.227-90) (OCT 1988)

In accordance with the Rights in Data - General clause of this contract, the following limited rights data
and restricted computer software shall be delivered in accordance with the delivery requirements for data
and/or software, specified elsewhere in this contract:

(End of clause)
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C.3 FINAL SCIENTIFIC AND TECHNICAL REPORTS (1852.235-73)(FEB 2003)

(a) The Contractor shall submit to the Contracting Officer a final report that summarizes the results of the
entire contract, including recommendations and conclusions based on the experience and results obtained.
The final report should include tables, graphs, diagrams, curves, sketches, photographs, and drawings in
sufficient detail to explain comprehensively the results achieved under the contract.

(b) The final report shall be of a quality suitable for publication and shall follow the formatting and stylistic
guidelines contained in NPG 2200.2A, Guidelines for Documentation, Approval, and Dissemination of
NASA Scientific and Technical Information. Electronic formats for submission of reports should be used
to the maximum extent practical. Before electronically submitting reports containing scientific and
technical information (STI) that is export-controlled or limited or restricted, contact the Contracting
Officer to determine the requirements to electronically transmit these forms of STI. If appropriate
electronic safeguards are not available at the time of submission, a paper copy or a CD-ROM of the
report shall be required. Information regarding appropriate electronic formats for final reports is
available at http://www.sti.nasa.gov under “Publish STI — Electronic File Formats.”

(c) The last page of the final report shall be a completed Standard Form (SF) 298, Report Documentation
Page.

(d) In addition to the final report submitted to the Contracting Officer, the Contractor shall concurrently
provide to the Center STI/Publication Manager and the NASA Center for AeroSpace Information
(CASI) a copy of the letter transmitting the final report to the Contracting Officer. The copy of the letter
shall be submitted to CASI at the following address:

Center for AeroSpace Information (CASI)

Attn: Acquisitions Collections Development Specialist
7121 Standard Drive

Hanover, Maryland 21076-1320

(e) In accordance with paragraph (d) of the Rights in Data --General clause (52.227-14) of this contract,
the Contractor may publish, or otherwise disseminate, data produced during the performance of this
contract, including data contained in the final report, and any additional reports required by 1852.235-74
when included in the contract, without prior review by NASA. The Contractor is responsible for
reviewing publication or dissemination of the data for conformance with laws and regulations governing
its distribution, including intellectual property rights, export control, national security and other
requirements, and to the extent the contractor receives or is given access to data necessary for the
performance of the contract which contain restrictive markings, for complying with such restrictive
markings. Should the Contractor seek to publish or otherwise disseminate the final report, or any
additional reports required by 1852.235-74 if applicable, as delivered to NASA under this contract, the
Contractor may do so once NASA has completed its document availability authorization review, and
availability of the report has been determined.
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(End of clause)

C.4 DELIVERABLE ITEMS LIST AND SCHEDULE (DILS)/DATA REQUIREMENTS
DOCUMENT (DRD)/MISSION ASSURANCE REQUIREMENTS (MAR)

(a) The Contractor shall provide the items as described under Attachment C, Attachment D and
Attachment E entitled "Deliverable Items List and Schedule (DILS)" and "Data Requirements
Document" and Mission Assurance Requirements (MAR), respectively. The above attachments
identifies the distribution, format, level of review, organization, delivery media, quantities of the data
items to be provided by the Contractor. All documents shall be accompanied by a cover letter or email
note (if delivered electronically) from authorized contract representative officially stating delivery in
compliance with the contract.

(b) Submission: The Contractor shall submit the reports required by this clause as follows:

Address Address
210.S/Contracting Officer* NASA, Goddard Space Flight Center
Code 210.S, Mail Code 445, Greenbelt, MD 20771
NASA/Contracting Officer’s NASA, Goddard Space Flight Center
Technical Representative (COTR) Code 445, Greenbelt, MD 20771
Configuration Management Office (CMO) NASA, Goddard Space Flight Center
HST Project/ Code 445

Greenbelt, MD 20771

* Copy of letter of transmittal only

(c) Submission dates. Monthly and quarterly reports shall be submitted by the 15th day of the month
following the month or quarter being reported. If the contract is awarded beyond the middle of a month,
the first monthly report shall cover the period from award until the end of the following month. No
monthly report need be submitted for the third month of contract effort for which a quarterly report is
required. No quarterly report need be submitted for the final three months of contract effort since that
period will be covered in the final report. The final report shall be submitted within thirty (30) calendar
days after the completion of the effort under the contract.

(END OF TEXT)
C.5 LEVEL-OF-EFFORT FOR SPECIAL STUDIES
(a) During the term of the contract, the Contractor may provide level-of-effort direct labor hours for
special studies (see Statement of Work Section 1.8) as ordered by task orders (see Clause H.15). The

quantity of hours shall not exceed 31,200 direct labor hours. The Government reserves the right to
increase the quantity of direct labor hours by no more than 20%, in accordance with the changes clause.
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(b) "Direct labor hours" are productive hours expended by Contractor personnel performing work under
this contract that are charged as direct labor under the Contractor’s established accounting policy and
procedures. The terms do not include sick leave, vacation leave, holiday leave, military leave, or any
type of administrative leave but does include direct labor hours provided under level-of-effort
subcontracts.

(c) The Contractor is not authorized to exceed the direct labor hours specified in paragraph (a) of this
clause.

(d) Any unused level-of-effort direct labor hours under this clause may be added to the available hours
under contract clause C.6.

(END OF TEXT)

C.6 LEVEL-OF-EFFORT FOR MISSION OPERATIONS

(a) During the term of the contract, the Contractor may provide level-of-effort direct labor hours for
Mission Operations (see Statement of Work Section 14.0) as ordered by task orders (see Clause H.15).
The quantity of hours shall not exceed 60,000 direct labor hours. The direct labor hours are broken
down as follows: 30,000 hrs for the period from Launch thru HST end of mission; in addition, 5,000
hours per year thereafter until completion of controlled reentry or disposal not to exceed a total of
30,000 hrs. The specific quantity of hours from HST end of mission through controlled reentry or
disposal will be determined by the length of time for the disposal method proposed by the offeror. This
clause may be adjusted after award as necessary to be consistent with the selected offeror’s approach.

The Government reserves the right to increase the quantity of direct labor hours by no more than 20% in
accordance with the changes clause.

(b) "Direct labor hours" are productive hours expended by Contractor personnel performing work under

this contract that are charged as direct labor under the Contractor’s established accounting policy and

procedures. The terms do not include sick leave, vacation leave, holiday leave, military leave, or any

type of administrative leave but does include direct labor hours provided under level-of-effort
-subcontracts.

(c) The Contractor is not authorized to exceed the direct labor hours specified in paragraph (a) of this
clause.

(END OF TEXT)
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SECTION D OF NNGOSEA01C
PACKAGING AND MARKING

D.1 PACKAGING, HANDLING, AND TRANSPORTATION (1852.211-70) (JUNE 2000)

(a) The Contractor shall comply with NPR6000.1F, "Requirements for Packaging, Handling, and
Transportation for Aeronautical and Space Systems, Equipment, and Associated Components", dated

April 26, 1999, as may be supplemented by the statement of work or specifications of this contract, for
all items designated as Class I, II, or II1.

(b) The Contractor’s packaging, handling, and transportation procedures may be used, in whole or in
part, subject to the written approval of the Contracting Officer, provided--
(1) The Contractor’s procedures are not in conflict with any requirements of this contract, and

(2) The requirements of this contract shall take precedence in the event of any conflict with the
Contractor’s procedures.

(c¢) The Contractor must place the requirements of this clause in all subcontracts for items that will
become components of deliverable Class I, II, or III items.

(End of clause)
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SECTION E OF NNGO0SEA01C
INSPECTION AND ACCEPTANCE

E.1 SECTION E CLAUSES INCORPORATED BY REFERENCE

(52.246-8)  INSPECTION OF RESEARCH AND DEVELOPMENT--COST
REIMBURSEMENT (MAY 2001)

(End of By Reference Section)
E.2 ACCEPTANCE--SINGLE LOCATION

The Contracting Officer or authorized representative will accomplish acceptance at NASA/Goddard
Space Flight Center, Greenbelt, MD 20771 for all items under contract clause B.1 except for items 18 &
19. For the purpose of this clause, the Contracting Officer’s Technical Representative named in this
contract is the authorized representative. The Contracting Officer reserves the right to unilaterally
designate a different Government agent as the authorized representative. The Contractor will be notified
by a written notice or by a copy of the delegation of authority if different representative is designated.

(End of clause)

E.3 MATERIAL INSPECTION AND RECEIVING REPORT NOT REQUIRED (GSFC
52.246-94) (APR 1989)

NASA FAR Supplement clause 18-52.246-72 of this contract requires the furnishing of a Material
Inspection and Receiving Report (MIRR) (DD Form 250 series) at the time of each delivery under this
contract. However, a MIRR is not required for the following deliverable items:

ITEM DESCRIPTION
1 SOW Requirements
Deliverable Items List and Schedule (DILS)/Data Requirements Document (DRD)/ Mission Assurance
2 Requirements (MAR)
DoD Industrial Plant Equipment
3 (Form DD 1419)
NASA Property in the Custody of Contractors (NASA Form 1018)
4
5 Financial Management Reports
6 New Technology Reports
7 Small Business Subcontracting Reports
8 Material Safety Data Sheets
9 Notification of Noncompliance with Safety Standards & Quarterly Health and Safety Reports
10 System Requirements Review (SRR)
1 Preliminary Design Review (PDR)
12 Critical Design Review (CDR)
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13 Mission Operations Review (MOR)
14 Test Readiness Review (TRR)
15 Operations Readiness Review (ORR)
16 Pre-Shipment Review (PSR)
17 Final Report

(End of clause)

E.4 INSPECTION SYSTEM (SUBCONTRACTS) (GSFC 52.246-100) (JULY 2000)

In performance of this contract, the Contractor shall impose inspection system requirements on
subcontractors and suppliers to ensure the required quality of supplies or services. Monitoring of the
Contractor’s system for inspecting subcontractors will be accomplished through the combined efforts of
NASA/GSFC personnel and the delegated Government agency. The authority and responsibility of the
delegated agency will be defined in a letter of contract administration delegation.

(End of clause)
E.5 INSPECTION SYSTEM RECORDS (GSFC 52.246-102) (OCT 1988)
The Contractor shall maintain records evidencing inspections in accordance with the Inspection clause of
this contract for seven (7) years after delivery of all items and/or completion of all services called for by
the contract.

(End of clause)
E.6 HIGHER-LEVEL CONTRACT QUALITY REQUIREMENT (52.246-11) (FEB 1999)

The Contractor shall comply with the higher-level quality standard contained in Attachment E, “Mission
Assurance Requirements.”

(End of clause)

E.7 GOVERNMENT CONTRACT QUALITY ASSURANCE FUNCTIONS (1852.246-71)
(OCT 1988)

In accordance with the Inspection clause of this contract, the Government intends to perform the
following functions at the locations indicated:

NO QUALITY QA FUNCTION : LOCATION
ASSURANCE ITEM
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01 | Testing Monitoring and Witnessing by Government | Contractor and

QA Representatives Subcontractor Facilities
02 | Electronic Assemblies Inspection of electronic assemblies prior to | Contractor and

their installation Subcontractor Facilities

03 | Mechanical Assemblies | Inspection of mechanical assemblies prior to | Contractor and
assembly into next higher level of assembly | Subcontractor Facilities

04 | Manufacturing Process Monitoring of various manufacturing Contractor and
processes for compliance Subcontractor Facilities
05 | Procedural and Surveys, audits, and monitoring of Contractor and
Requirements compliance to procedures and requirements | Subcontractor Facilities
Compliance
(End of clause)

E.8 MATERIAL INSPECTION AND RECEIVING REPORT (1852.246-72) (AUG 2003)

(a) At the time of each delivery to the Government under this contract, the Contractor shall furnish a
Material Inspection and Receiving Report (DD Form 250 series) prepared in an original copy and
sufficient other copies to accomplish the following distribution:

(1) Via mail and marked "Advance Copy", one copy each to the Contracting Officer, the
Contracting Officer’s Technical Representative (if designated in the contract), and to the cognizant
Administrative Contracting Officer, if any.

(2) Via mail, the original and 1 copy (unfolded) to the shipment address (delivery point)
specified in Section F of this contract. Mark the exterior of the envelope "CONTAINS DD FORM 250".
This must arrive prior to the shipment.

(3) With shipment in waterproof envelope (one copy) for the consignee.

(4) If the shipment address is not directly to the Goddard Space Flight Center (Greenbelt) or
Goddard Space Flight Center (Wallops) central receiving areas, then one copy of the DD Form 250 must
be provided (via mail) to one on the following addresses depending upon whether this contract is with
GSFC Greenbelt or GSFC Wallops:

Receiving and Inspection (Code 239), Goddard Space Flight Center, Greenbelt, MD 20771.
Receiving and Inspection (Bldg. F16), Wallops Flight Facility, Wallops Island VA 23337.
(b) The Contractor shall prepare the DD Form 250 in accordance with NASA FAR Supplement
18-46.6. The Contractor shall enclose the copies of the DD Form 250 in the package or seal them in a
waterproof envelope, which shall be securely attached to the exterior of the package in the most

protected location.

(c) When more than one package is involved in a shipment, the Contractor shall list on the DD Form
250, as additional information, the quantity of packages and the package numbers. The Contractor shall
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forward the DD Form 250 with the lowest numbered package of the shipment and print the words
"CONTAINS DD FORM 250" on the package.

(End of clause)
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SECTION F OF NNGOSEA01C
DELIVERIES OR PERFORMANCE
F.1 SECTION F CLAUSES INCORPORATED BY REFERENCE

(52.247-34) F.O.B. DESTINATION (NOV 1991)
(52.242-15) STOP-WORK ORDER (AUG 1989)--ALTERNATE I (APR 1984)

(End of clause)

F.2 PLACE OF PERFORMANCE
The effort specified by this contact shall be performed at the following location(s):

Lockheed Martin Space Systems Company

12557 Wadsworth Blvd.
Denver, CO 80201
Lockheed Martin Space Systems Company
7474 Greenway Center Drive
Greenbelt, MD 20770
(End of Text)

F.3 SHIPPING INSTRUCTIONS--CENTRAL RECEIVING (GSFC 52.247-94) (JUL 1993)
Shipments of the items required under this contract shall be to:
Receiving Officer
Building 16W
Code 239
Goddard Space Flight Center
Greenbelt, Maryland 20771
Marked for:
NASA/GSFC

COTR/Code (As delegated by the Contracting Officer)
Greenbelt, MD 20771

Compliance with this clause is necessary to assure verification of delivery and acceptance and prompt
payment.

(End of clause)

20



SECTION F OF NNGO0SEA01C
DELIVERIES OR PERFORMANCE

F.4 ADVANCE NOTICE OF SHIPMENT (1852.247-72) (OCT 1988)

Ten (10) calendar days prior to shipping items identified below, the Contractor shall furnish the
anticipated shipment date, bill of lading number (if applicable), and carrier identity to the Contracting
Officer’s Technical Representative.

(End of clause)
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SECTION G OF NNGOSEA01C 4
CONTRACT ADMINISTRATION DATA

G.1 SECTION G CLAUSES INCORPORATED BY REFERENCE

(1852.208-81) RESTRICTIONS ON PRINTING AND DUPLICATING (OCT 2001)
(1852.227-70) NEW TECHNOLOGY (MAY 2002)
(1852.227-86) COMMERCIAL COMPUTER SOFTWARE--LICENSING (DECEMBER 1987)
(1852.242-73) NASA CONTRACTOR FINANCIAL MANAGEMENT REPORTING
(JUL 2000) \
(1852.245-70) CONTRACTOR REQUESTS FOR GOVERNMENT- OWNED EQUIPMENT
(JUL 1997)
(1852.245-71) (INSTALLATION-ACCOUNTABLE GOVERNMENT PROPERTY
JUN (1998)
(1852.245-73) FINANCIAL REPORTING OF NASA PROPERTY IN THE CUSTODY OF
CONTRACTORS (OCT 2003)

(End of By Reference Section)

G.2 FINANCIAL MANAGEMENT REPORTING (GSFC 52.242-90)(FEB 2004)

(a) Requirements. This clause provides the supplemental instructions referred to in NASA FAR
Supplement (NFS) clause 1852.242-73. The NFS clause and NASA Procedural Requirements (NPR)
9501.2D, “NASA Contractor Financial Management Reporting”, establish report due dates and other
financial management reporting requirements. NPR 9501.2D permits withholding of payment for
noncompliance.

(b) Supplemental instructions. (1) Monthly (NF 533M) reports are required. Quarterly (NF 533Q)
reports are also required. The reporting structure shall be in accordance with Attachment F and
Attachment G entitled “Work Breakdown Structure” and “Financial Reporting Requirements”,
respectively, of Section J of this contract.

(2) As stated in NPR 9501.2D, NASA strongly encourages electronic contractor cost reporting.
The preferred formats are Excel and Adobe. Contact the Contracting Officer for any E-Mail addresses
that are not provided or which become noncurrent.

Distribution shall be as follows:

Contracting Officer, Code 210.S
E-Mail: Carlos.R.McKenzie@nasa.gov

Contracting Officer’s Technical Representative,
E-Mail: Sheila.M.Stanford@nasa.gov

Resources Analyst, Code 445
E-mail: Ronnice.N.Sturdivant@nasa.gov
E-mail: Sherri.R.Hall@nasa.gov
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E-mail: Richard.C.King@nasa.gov

Regional Finance Office Cost Team, Code 155
E-Mail: rfocateam@listserv.gsfc.nasa.gov

Administrative Contracting Officer (if delegated)
(c) Web sites. (1)'NPR 9501.2D, “NASA Contractor Financial Management Reporting”:

http://nodis3.gsfc.nasa.gov/library/displayDir.cfm?Internal ID=N PG 9501 002D &page name=main

(2) NF 533 Tutorial: (for training purposes only)

http://genesis.gsfc.nasa.gov/nf533.htm

(End of clause)

G.3 REPAIR OR REPLACEMENT OF GOVERNMENT PROPERTY--SPECIAL
CONDITIONS (GSFC 52.245-92) (SEP 1998)

(a) Government property categorized as facilities (defined at FAR 45.301 and NASA FAR Supplement
1845.301) has been provided for the performance of this contract.

(b) Except as specified in paragraph (e) below, the Government will not authorize the replacement of
any defective Government property as a direct reimbursable cost under this contract. Replacement shall
be at no cost to the Government except as may be permitted by FAR 31.205-11, "Depreciation."”
However, the Government may authorize and reimburse the repair of defective Government property as
stated in paragraph (c). If repair is not approved by the Contracting Officer, the Contractor agrees to
replace any defective Government property with property owned or leased by the Contractor. However,
such Contractor property need not be identical to the replaced property. Further, replacement may be
waived by the Contracting Officer provided the Contractor submits a written request and demonstrates to
the satisfaction of the Contracting Officer that the capability to perform the contract in an acceptable and
efficient manner is not degraded.

(c) The Government may reimburse the reasonable direct cost for the repair of any Government
property for which repair is determined to be an acceptable alternative. In accordance with FAR clause
52.245-5, the Contractor is required to have an approved maintenance/repair program for Government
Property. The criteria in this program shall be used to determine when the contractor is required to
request approval from the Contracting Officer for repair or replacement of Government property.
However, in the absence of a Government approved maintenance/repair program, the Contractor must
submit each repair request to the Contracting Officer. When the maintenance program requires the
Contractor to inform the Contracting Officer of the need for a repair/replacement decision, the
Contractor shall notify the Contracting Officer, in writing, and provide a "not to exceed" dollar amount
for the repair of the property and a rationale as to why repair is the best alternative considering the age of
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the property, the nature of the defect(s), and the criticality of the property to the accomplishment of the
requirements of the contract. If the Contracting Officer agrees that the property is still needed for
contract performance and that repair is an acceptable alternative, the Contracting Officer may authorize
the repair. If the Contracting Officer considers that repair is not an acceptable alternative, the
Contracting Officer shall notify the Contractor and the replacement equipment or needed equivalent
capability shall be provided by the Contractor in accordance with paragraph (b) above. This decision by
the Contracting Officer shall not be subject to the Disputes clause of this contract.

(d) In the event that the Contractor is not selected in a subsequent recompetition of this requirement and
the facility items replaced as contractor property are not needed for any other purpose, the Contractor is
encouraged to offer to sell to the successor contractor any facility items that the successor contractor
chooses to buy, at a fair and reasonable price.

(e) This clause shall not apply to the following items: None
(End of clause)

G.4 CONTRACTOR ACQUIRED PROPERTY--NASA CONDITIONS (GSFC 52.245-97)
(SEP 1998)

NASA FAR Supplement 1845.502-70 establishes general and specific conditions that apply to this
contract for various categories of contractor acquired property.

(End of clause)

G.5 AWARD FEE FOR END ITEM CONTRACTS (1852.216-77) (JUNE 2000)

(a) The contractor can earn award fee, or base fee, if any, from a minimum of zero dollars to the
maximum stated in NASA FAR Supplement clause 1852.216-85, “Estimated Cost and Award Fee” in
this contract. All award fee evaluations, with the exception of the last evaluation, will be interim
evaluations. At the last evaluation, which is final, the Contractor's performance for the entire contract
will be evaluated to determine total earned award fee. No award fee or base fee will be paid to the
Contractor if the final award fee evaluation is “poor/unsatisfactory.”

(b) Beginning 6 months after the effective date of this contract, the Government will evaluate the
Contractor's interim performance every 6 months to monitor Contractor performance prior to contract
completion and to provide feedback to the Contractor. The evaluation will be performed in accordance
with Deorbit Module Performance Evaluation Plan to this contract. The Contractor may submit a
self-evaluation of performance for each period under consideration. These self-evaluations will be
considered by the Government in its evaluation. The Government will advise the Contractor in writing
of the evaluation results. The plan may be revised unilaterally by the Government prior to the beginning
of any rating period to redirect emphasis.
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(c) (1) Base fee, if applicable, will be paid in monthly installments based on the percent of completion of
the work as determined by the Contracting Officer.

(2) Interim award fee payments will be made to the Contractor based on each interim evaluation.
The amount of the interim award fee payment is limited to the lesser of the interim evaluation score or
80 percent of the fee allocated to that period less any provisional payments made during the period. All
interim award fee payments will be superseded by the final award fee determination.

(3) Provisional award fee payments will be made under this contract pending each interim
evaluation. If applicable, provisional award fee payments will be made to the Contractor on a not more
often than monthly basis. The amount of award fee which will be provisionally paid in each evaluation
period is limited to 80 percent of the prior interim evaluation score. Provisional award fee payments
made each evaluation period will be superseded by the interim award fee evaluation for that period. If
provisional payments made exceed the interim evaluation score, the Contractor will either credit the next
payment voucher for the amount of such overpayment or refund the difference to the Government, as
directed by the Contracting Officer. If the Government determines that (i) the total amount of
provisional fee payments will apparently substantially exceed the anticipated final evaluation score, or
(ii) the prior interim evaluation is “poor/unsatisfactory”, the Contracting Officer will direct the
suspension or reduction of the future payments and/or request a prompt refund of excess payments as
appropriate. Written notification of the determination will be provided to the Contractor with a copy to
the Deputy Chief Financial Officer (Finance).

(4) All interim (and provisional, if applicable) fee payments will be superseded by the fee
determination made in the final award fee evaluation. The Government will then pay the Contractor, or
the Contractor will refund to the Government the difference between the final award fee determination
and the cumulative provisional fee payments. If the final award fee evaluation is “poor/unsatisfactory”,
any base fee paid will be refunded to the Government.

(5) Payment of base fee, if applicable, will be made based on submission of an invoice by the
Contractor. Payment of award fee will be made by the Cost & Commercial Account Dept., Code 155,
based on issuance of a unilateral modification by the Contracting Officer.

(d) Award fee determinations are unilateral decisions made solely at the discretion of the Government.
(End of clause)

G.6 SUBMISSION OF VOUCHERS FOR PAYMENT (18-52.216-87)(MAR 1998)

(a)The designated billing office for cost vouchers for purposes of the Prompt Payment clause of this

contract is indicated below. Public vouchers for payment of costs shall include a reference to the

number of this contract.

(b)(1) If the contractor is authorized to submit interim cost vouchers directly to the NASA paying office,
the original voucher and one copy should be submitted to:

Cost and Commercial Accounts Department

Code 155
Goddard Space Flight Center
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Greenbelt, Maryland 20771

(2) For any period that the Defense Contract Audit Agency has authorized the Contractor to
submit interim cost vouchers directly to the Government paying office, interim vouchers are not required
to be sent to the Auditor, and are considered to be provisionally approved for payment subject to final
audit.

(3) Copies of vouchers should be submitted as may be directed by the Contracting Officer.
(c) If the contractor is not authorized to submit interim cost vouchers directly to the paying office as

described in paragraph
(b), the contractor shall prepare and submit vouchers as follows:

(1) One original and one copy Standard Form (SF)1034, SF 1035, or equivalent Contractor’s
attachment to the Auditor.

Defense Contract Audit Agency (DCAA)
P. O. Box 170, MS 182

Denver, CO 80201-179
303-977-3191

(2) (Reserved)
(3) The Contracting Officer may designate other recipients as required.

(d) Public vouchers for payment of fee shall be prepared similarly to the procedures in paragraphs (b) or
(c) of this clause, whichever is applicable, and be forwarded to the Contracting Officer.

This is the designated billing office for fee vouchers for purposes of the Prompt Payment clause of this
contract.

(e) In the event that amounts are withheld from payment in accordance with provisions of this contract, a
separate voucher for the amount withheld will be required before payment for that amount may be made.

(End of clause)

G.7 DESIGNATION OF NEW TECHNOLOGY REPRESENTATIVE AND PATENT
REPRESENTATIVE (1852.227-72) (JULY 1997)

(a) For purposes of administration of the clause of this contract entitled "New Technology" or "Patent
Rights -- Retention by the Contractor (Short Form)", whichever is included, the following named

representatives are hereby designated by the Contracting Officer to administer such clause:

Title Office Address (including
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Code zip code

New Technology 504 Goddard Space Flight Center Representative
Greenbelt, MD 20771

Patent 503 Goddard Space Flight Center Representative
Greenbelt, MD 20771

(b) Reports of reportable items, and disclosure of subject inventions, interim reports, final reports,
utilization reports, and other reports required by the clause, as well as any correspondence with respect
to such matters, should be directed to the New Technology Representative unless transmitted in response
to correspondence or request from the Patent Representative. Inquiries or requests regarding disposition
of rights, election of rights, or related matters should be directed to the Patent Representative. This
clause shall be included in any subcontract hereunder requiring a "New Technology" clause or "Patent
Rights--Retention by the Contractor (Short Form)" clause, unless otherwise authorized or directed by the
Contracting Officer. The respective responsibilities and authorities of the above-named representatives
are set forth in 1827.305-370 of the NASA FAR Supplement.

(End of clause)
G.8 LIST OF GOVERNMENT-FURNISHED PROPERTY (1852.245-76) (OCT 1988)

For performance of work under this contract, the Government will make available Government property
identified below and in Attachment L of this contract on a no-charge-for-use basis. The Contractor shall
use this property in the performance of this contract at either the NASA/GSFC or Contractor’s facility
and at other location(s) as may be approved by the Contracting Officer. Under the FAR 52.245
Government Property clause of this contract, the Contractor is accountable for the identified property.

CDR plus Three (3) | Requirements

Gyro Interface Unit (GIU)

months. Document 3.3.1.6
P101 Main Mechanical Umbilical 1 CDR plus Three (3) | Requirements
A months. Document 3.3.1.5
ctuator
HST Craig-Bampton Model 1 Contract Award plus | Requirements

Three (3) months. | Document 3.3.2.3
1 CDR plus Three (3) | Requirements

Flight Support System Berthing Pin

& J101 Interface Verification Tool months. Document 3.3.1.2.2
HRYV to HST Connector Interface 1 CDR plus "flhree ©) gequiremegltg 111
Plates (Rack and Panel) months. ocument 3.5.1.
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(End of clause)

G.9 LIST OF INSTALLATION-ACCOUNTABLE PROPERTY AND SERVICES (1852.245-77)
(JUL 1997)

In accordance with the clause at 1852.245-71, Installation-Accountable Government Property, the
Contractor is authorized use of the types of property and services listed below, to the extent they are
available, in the performance of this contract within the physical borders of the installation which may
include buildings and space owned or directly leased by NASA in close proximity to the installation, if
so designated by the Contracting Officer.

(a) Office space, work area space, and utilities. Government telephones are available for official
purposes only; pay telephones are available for contractor employees for unofficial calls.

(b) General- and special-purpose equipment, including office furniture.

(1) Equipment to be made available is listed is as follows.

A. Office Space for up to 3 contractor personnel.

B. Office Furniture; such as desks and file cabinets for up 3 contractor personnel.

C. The Government will not provide desktop personal computers for on-site contractor
personnel.

The Government retains accountability for this property under the clause at 1852.245-71, Installation-
Accountable Government Property, regardless of its authorized location.

(2) If the Contractor acquires property, title to which vests in the Government pursuant to other
provisions of this contract, this property also shall become accountable to the Government upon its entry
into Government records as required by the clause at 1852.245-71, Installation-Accountable Government
Property.

(3) The Contractor shall not bring to the installation for use under this contract any property owned or
leased by the Contractor, or other property that the Contractor is accountable for under any other
Government contract, without the Contracting Officer’s prior written approval.

(c) Supplies from stores stock.

(d) Publications and blank forms stocked by the installation.

(e) Safety and fire protection for Contractor personnel and facilities.

(f) Installation service facilities: None

(g) Medical treatment of a first-aid nature for Contractor personnel injuries or illnesses sustained during
on-site duty.

(h) Cafeteria privileges for Contractor employees during normal operating hours.

(1) Building maintenance for facilities occupied by Contractor personnel.

(J) Moving and hauling for office moves, movement of large equipment, and delivery of supplies.
Moving services shall be provided on-site, as approved by the Contracting Officer.

(k) The user responsibilities of the Contractor are defined in paragraph (a) of the clause at 1852.245-71,
Installation-Accountable Government Property.

(End of clause)
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G.10 PROPERTY CLAUSE APPLICABILITY--ON-SITE AND OFF-SITE (GSFC
52.245-96)(SEP 1998) ~

(a) Performance of this contract requires that contractor personnel and any furnished and/or acquired
government property be located at both Government controlled and managed premises (on-site) and at
contractor controlled and managed premises (off-site). The requirements for control and accountability
of government property differ depending upon the location of the property. The applicability of the
clauses in this contract to on-site and to off-site locations is indicated below.

(b) Clauses applicable to both on-site and off-site locations.

FAR clause 52.245-5, "Government Property (Cost Reimbursement, Time-and-Material, or Labor-Hour
Contracts" except that para (e) does not apply to on-site locations.

NASA FAR Supplement clause 1852.245-70, "Contractor Requests for Government-Owned
Equipment".

GSFC clause 52.245-92, "Repair or Replacement of Government Property--Special Conditions", if
included.

GSFC clause 52.245-97, "Contractor Acquired Property--NASA Conditions".

(c) Clauses applicable only to off-site locations.

NASA FAR Supplement clause 1852.245-73, "Financial Reporting of NASA Property in the Custody of
Contractors"

NASA FAR Supplement clause 1852.245-76, "List of Government-Furnished Property", if included.
(d) Clauses applicable only to on-site locations.

NASA FAR Supplement clause 1852.245-71, "Installation-Accountable Government Property
(Alternate I)".

NASA FAR Supplement clause 18-52.245-77, "List of Installation- Accountable Property and Services".
GSFC clause 52.245-93, "Contractor Acquired Government Property"

(End of clause)
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H.1 SECTION H CLAUSES INCORPORATED BY REFERENCE

(1852.208-81) RESTRICTIONS ON PRINTING AND DUPLICATING (OCT 2001)
(1852.223-70) SAFETY AND HEALTH (APR 2002)
(1852.223-75) MAJOR BREACH OF SAFETY OR SECURITY (FEB 2002)
(1852.242-72) OBSERVANCE OF LEGAL HOLIDAYS (AUG 1992)--ALTERNATE II
~ (SEPT 1989)
(1852.244-70) GEOGRAPHIC PARTICIPATION IN THE AEROSPACE PROGRAM (APRIL
1985)

(End of By Reference Section)

H.2 HANDLING OF DATA (GSFC 52.203-90) (JAN 1995)

(a) In the performance of this contract, it is anticipated that the Contractor may have access to, be
furnished, or use the following categories of data (which may be technical data, computer software,
administrative, management information, or financial, including cost or pricing):

(1) Data of third parties which the Government has agreed to handle under protective arrangements; and
(2) Government data, the use and dissemination of which, the Government intends to control.

(b) In order to protect the interests of the Government and the owners, licensors and licensees of such
data, the Contractor agrees, with respect to any such third party or Government data that is either marked
with a restrictive legend, specifically identified in this contract, or otherwise identified in writing by the

Contracting Officer as being subject to this clause, to:

(1) Use, disclose, and reproduce such data only to the extent necessary to perform the work required
under this contract;

(2) Allow access to such data only to those of its employees that require access for their performance
under this contract;

(3) Preclude access and disclosure of such data outside the Contractor’s organization; and

(4) Return or dispose of such data, as the Contracting Officer may direct, when the data is no longer
needed for contract performance.

(c) The Contractor agrees to inform and instruct its employees of its and their obligations under this

clause and to appropriately bind its employees contractually to comply with the access, use, disclosure,
and reproduction provisions of this clause.
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(d) In the event that data includes a legend that the Contractor deems to be ambiguous or unauthorized,
the Contractor may inform the Contracting Officer of such condition. Notwithstanding such a legend, as
long as such legend provides an indication that a restriction on use or disclosure was intended, the
Contractor shall treat such data pursuant to the requirements of this clause unless otherwise directed, in
writing, by the Contracting Officer.

(e) Notwithstanding the above, the Contractor shall not be restricted in use, disclosure, and reproduction
of any data that:

(1) Is, or becomes, generally available or public knowledge without breach of this clause by the
Contractor; ‘

(2) Is known to, in the possession of, or is developed by the Contractor independently of any disclosure
of, or without reference to, proprietary, restricted, confidential, or otherwise protectible data under this
clause;

(3) Is rightfully received by the Contractor from a third party without restriction;
(4) Or is required to be produced by the Contractor pursuant to a court order or other Government action.

If the Contractor believes that any of these events or conditions that remove restrictions on the use,
disclosure, and reproduction of the data apply, the Contractor shall promptly notify the Contracting
Officer of such belief prior to acting on such belief, and, in any event, shall give notice to the
Contracting Officer prior to any unrestricted use, disclosure, or reproduction of such data.

(End of clause)

H.3 LIMITED RELEASE OF CONTRACTOR CONFIDENTIAL BUSINESS
INFORMATION (GSFC 52.203-91) (JUN 2002)

(a) NASA may find it necessary to release information submitted by the Contractor, either in response to
this solicitation or pursuant to the provisions of this contract, to individuals not employed by NASA.
Business information that would ordinarily be entitled to confidential treatment may be included in the
information released to these individuals. Accordingly, by submission of this proposal, or signature on
this contract or other contracts, the Contractor hereby consents to a limited release of its confidential
business information (CBI).

(b) Possible circumstances where the Agency may release the Contractor’s CBI include, but are not
limited to, the following:

(1) To other Agency contractors and subcontractors, and their employees tasked with assisting
the Agency in handling and processing information and documents in the evaluation, the award or the
administration of Agency contracts, such as providing both preaward and post award audit support and
specialized technical support to NASA’s technical evaluation panels;
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(2) To NASA contractors and subcontractors, and their employees engaged in
information systems analysis, development, operation, and maintenance, including performing data
processing and management functions for the Agency.

(c) Except where otherwise provided by law, NASA will permit the limited release of CBI under
subparagraphs (1) or (2) only pursuant to non-disclosure agreements signed by the assisting contractor
or subcontractor, and their individual employees who may require access to the CBI to perform the
assisting contract).

(d) NASA ‘s responsibilities under the Freedom of Information Act are not affected by this clause.

(e) The Contractor agrees to include this clause, including this paragraph (e), in all subcontracts at all
levels awarded pursuant to this contract that require the furnishing of confidential business information
by the subcontractor.

(End of clause)

H.4 REPRESENTATIONS, CERTIFICATIONS AND OTHER STATEMENTS OF
OFFEROR (GSFC 52.215-90) (NOV 1999)

In accordance with FAR 15.204-1(b), the completed and submitted ‘“Representations, Certifications,
and Other Statements of Offeror”, are incorporated by reference in this resulting contract.

(End of clause)

H.5 PROVISIONING PROCEDURES

(a) The Contracting Officer is the only individual authorized to issue Provisioned Item
Orders (PIOs) ordered under this contract.

(b) Ordering

(1) Supplies or services to be furnished under Section J - Attachment A, Section 15
entitled “Common Components”, of this contract shall be ordered by the issuance of PIOs. Orders many
be issued under this contract for the period beginning with the effective date of this contract.

2) It is understood and agreed that the Government does not have any obligations
under the terms of this contract to issue PIOs.

3) All PIOs hereunder are subject to the terms and conditions of this clause. The
contract shall control in the event of a conflict with any order.

@) Orders shall be effective upon receipt of the PIO by Contractor.

3) PIOs shall, as a minimum, describe the following:

a. The supplies or services being ordered;

b. The requested delivery schedule (unpriced orders) or required delivery schedule
for definitized orders; and

d. Any other specifics which are required to complete the order.
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(6) The Government reserves the right to issue unpriced orders under this contract.
All orders shall be subject to the “Limitation of Funds” clause of this contract. PIOs shall be issued by
the Contracting Officer, on Standard Form 30, “Amendment of Solicitation/Modification of Contract.”

(7 Within thirty (30) days after receipt of an unpriced PIO, the Contractor shall
submit a firm proposal to definitize the order. A proposal may address more than one PIO, but each
deliverable item must be priced and substantiated separately within the proposal. The parties shall make
every effort to negotiate firm prices for items ordered under an unpriced PIO. If it becomes apparent that
the parties cannot agree on a firm price, the Contracting Officer many issue a unilateral determination of
prices subject to the “Disputes” clause of this contract. Nothing in this clause shall excuse the Contractor
from performing any work under this contract.

(End of Text)

H.6 ONSITE CONTRACTOR PERSONNEL—IDENTIFICATION, REPORTING, AND
CHECKOUT PROCEDURES (GSFC 52.204-99) (AUG 2003)

(a) The Contractor shall designate a representative (point of contact) for the purposes of this clause. The
Contractor shall notify the GSFC Security Division, Code 240, Attention: Locator and Information
Tracking System (LISTS) Manager, and the Contracting Officer’s Technical Representative (COTR) of
the designated representative within 15 calendar days of award of this contract. The GSFC maintained
LISTS contains work and home location and contact information for personnel that have permanent
NASA/GSFC identification badges. The Contractor may contact the LISTS Manager, Tel 301-286-2306
for assistance regarding LISTS.

(b) The Contractor must apply for permanent NASA/GSFC identification badges for those employees
who will be employed by the contractor onsite for at least six months. The GSFC Security Division will
consider permanent identification badges for other employees of the Contractor on a case by case basis,
such as employees that are not resident onsite, but must frequently visit. For each employee, the
Contractor must complete and submit a GSFC Form 24-27, “LISTS Form”, and a NASA Form 531,
“Name Check Request”. The forms are available from GSFC Stores Stock or online via NASA and
GSFC systems. The GSFC Form 24-27 must be signed by the COTR or the Contracting Officer. The
COTR will resolve any housing or access issues, review the forms for accuracy and completeness, and
return the signed forms to the Contractor. The Contractor shall forward the form(s) to the GSFC Security
Division, Code 240, for the necessary checks, issuance of identification badges, and subsequent data
entry into the LISTS. Arrangements for fingerprinting employees will be handled by representatives of
the GSFC Security Division’s ID Section.

(c) The Contractor shall submit an annotated LISTS Report each month. The GSFC LISTS Manager
will furnish a LISTS print-out to the Contractor no later than the end of each month. The Contractor
shall annotate this provided report to correct and update the information as follows:

(1) Draw a line through the names of employees who are no longer employed by the contractor
or that no longer work onsite under the contract, and;

(2) Make handwritten changes to any other incorrect data.
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The annotated LISTS Report shall be separately submitted to the GSFC Security Division, Code 240,
Attention: LISTS Manager, and to the COTR by the 10th calendar day of the month.

(d) The Contractor shall ensure that all personnel who have NASA/GSFC issued identification, keys or
other property who leave its employ or that no longer work onsite, process out through the GSFC
Security Division, Code 240. Employees must return all GSFC issued identification and any
Government property no later than the last day of their employment. The Contractor shall establish
appropriate procedures and controls to ensure this is accomplished. Failure to comply may result in the
exercise of Government rights to limit and control access to Government premises, including denial of
access and invalidation of NASA issued badges and identification.

(End of clause)

H.7 GOVERNMENT PREMISES—PHYSICAL ACCESS AND COMPLIANCE WITH
PROCEDURES (GSFC 52.211-95) (DEC 2003)

(a)(1) The Contractor must apply for permanent NASA/GSFC Identification Badges for those employees
that will be employed by the Contractor and that will be resident for at least six months at GSFC or at
locations controlled by GSFC, such as GSFC leased space. Other personnel may be issued a temporary
badge. All personnel must conspicuously display the GSFC badge at, or above, the waistline. Refer to
GSFC clause 52.204-99, “Onsite Contractor Personnel—Identification, Reporting, and Checkout
Procedures” for permanent Identification Badge issuance procedures.

(2) Visits by foreign nationals are restricted and must be necessary for the performance of the
contract and concurred with by the Contracting Officer or by the Contracting Officer’s Technical
Representative. Approval of such visits must be approved in advance in accordance with GMI 1680.1.

(3) Access to the GSFC may be changed or adjusted in response to threat conditions or special
situations.

(b) While on Government premises, the Contractor shall comply with requirements governing the
conduct of personnel and the operation of the facility. These requirements are set forth in NASA-wide
or installation directives, procedures, handbooks and announcements. The following cover many of the
requirements:

(1) Coordinated Harassment/Discrimination Inquiry Guidelines
<http://internal.gsfc.nasa.gov/directives/security.html>

(2) GMI 1040.5, GSFC Emergency Management Program

(3) GMI 1040.6, GSFC Emergency Management Plan (Greenbelt)
(4) GMI 1152.9, Facilities Coordination Committee

(5) GHB 1600.1, Security Manual

(6) GMI 1680.1, Visits of Foreign Nationals to GSFC

(7) GMI 1700.2, GSFC Health and Safety Program

(8) GMI 6730.6, Vehicle Reserved Parking

(9) GPD 8715.1, GSFC Safety Policy
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(10) GPD 8870.1, Environmental Program Management

(11) GHB 1790.1, Chemical Hygiene Plan

(12) GPG 1800.1, GSFC Smoking Guidelines

(13) GHB 1860.1, Radiation Protection--Ionizing Radiation

(14) GHB 1860.2, Radiation Safety Handbook

(15) GHB 1860.3, Radiation Safety--Laser

(16) GHB 1860.4, Radiation Safety--Ultraviolet and High Intensity Radiation

(17) GPG 2570.1, Radio Frequency Equipment Licensing

(18) GPG 8715.1, Processing of NASA Safety Reporting System (NSRS) Incident Reports

Copies of the current issuances may be obtained at <http://gdms.gsfc.nasa.gov/gdms/plsql/menu_guest>
or from the Contracting Officer. The above list may be modified by the Contracting Officer to include
additional issuances pertaining to the conduct of personnel and the operation of the facility.

(c) The Contractor may not use official Government mail (indicia or "eagle" mail). Contractors found in
violation could be liable for a fine of $300 per piece of indicia mail used. However, the Contractor is
allowed to use internal GSFC mail to the extent necessary for purposes of the contract.

(End of clause)

H.8 SMALL BUSINESS SUBCONTRACTING PLAN AND REPORTS (GSFC 52.219-90)
(OCT 1999)

a. Subcontracting Plan (Contractor)

FAR clause 52.219-9, "Small Business Subcontracting Plan" is included in this contract. The agreed to
Subcontracting Plan required by the clause is included as an attachment to the contract.

b. Subcontracting Plan (Subcontractors)

In accordance with FAR clause 52.219-9, the Contractor must require that certain subcontractors adopt
a plan similar to the Plan agreed to between the Contractor and the Government.

c. Reporting to Contracting Officer (SF 294--Semi-annual and Final)

The Contractor shall prepare and submit Standard Form 294

(Rev. 12-98), "Subcontracting Report for Individual Contracts" in accordance with the instructions on
the back of the form.

The SF 294 must be submitted to the Contracting Officer on a semi-annual basis. This report must be
received no later than April 30 and October 30 each year for the reporting periods ending March 31 and
September 30, respectively. A final SF 294 must be submitted after contract completion. The final SF
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294 submittal must be received no later than the due date for what would have been the next semi-
annual report.

d. Reporting to NASA Headquarters (SF 295--Semi-annual)

The Contractor shall prepare and submit Standard Form 295 (Rev. 12-98), "Summary Subcontract
Report" in accordance with the instructions on the back of the form and in accordance with NASA FAR
Supplement clause 1852.219-75, "Small Business Subcontracting Reporting" of this contract.

The SF 295 must be submitted to "NASA, Office of Procurement, Code HS, Washington, D.C. 20546-
0001" on an semi-annual basis no later than April 30 and October 30 each year for the reporting periods
ending March 31 and September 30, respectively.

€. Subcontractor Reporting

FAR clause 52.219-9 and NASA FAR Supplement clause 1852.219-75 require that the Contractor
ensure that SF 294 and SF 295 reports are submitted by those subcontractors that have been required to
adopt a Subcontracting Plan under the terms of the clause. These subcontractor reports must be
submitted as required by paragraphs (c)and (d) above. The reports may be submitted though the
Contractor or submitted directly. Regardless, the Contractor is responsible for ensuring proper and
timely submittal of the required reports.

(End of clause)

H.9 SMALL DISADVANTAGED BUSINESS PARTICIPATION--CONTRACT TARGETS
(GSFC 52.219-91) (AUG 2001) (for offeror fill-in)

(a) This clause does not apply to, and should not be completed by, Small Disadvantaged Business (SDB)
offerors unless the SDB offeror has waived the price adjustment evaluation adjustment [see para (c.) of

FAR clause 52.219-23].

(b) FAR 19.1202-4(a) requires that SDB subcontracting targets be incorporated in the contract. Targets
for this contract are as follows:
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(c.) FAR 19.1202-4(b) requires that SDB concerns that are specifically identified by the offeror be listed
in the contract when the extent of the identification of such subcontractors was part of the SDB
evaluation subfactor. SDB concerns (subcontractors) specifically identified by the offeror are as
follows:

Name of Concern(s)

The contractor shall notify the Contracting Officer of any substitutions of firms that are not SDB
concerns.

(d) If the prime offeror is an SDB that has waived the price evaluation adjustment, the target for the
work it intends to perform as a prime contractor is as follows:

Dollars Percent of Contract Value

(End of clause)

H.10 SAFETY AND HEALTH--ADDITIONAL REQUIREMENTS (GSFC 52.223-91) (OCT
2002)

(a) Other safety and health requirements. In addition to compliance with all Federal, state, and local laws
as required by paragraph (b) of NFS clause 18-52.223-70, the Contractor shall comply with the
following: None

(b) Reporting. The immediate notification and prompt reporting required by paragraph (d) of NFS
clause 1852.223-70 shall be to the to the Goddard Space Flight Center Safety and Environmental
Branch, Code 205.2, Tel 301-286-2281 and to the Contracting Officer. This should be a verbal
notification and confirmed by FAX or E-Mail. This notification is also required for any unsafe or
environmentally hazardous condition associated with Government-owned property that is provided or
made available for the performance of the contract.

(End of clause)
H.11 APPLICABILITY OF RIGHTS IN DATA (GSFC 52.227-93) (OCT 1988)

The "Rights in Data - Special Works" clause of this contract applies to the following aspects (or items):
N/A
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(End of clause)

H.12 RESERVED

H.13 LAUNCH DELAYS (GSFC 52.243-91) (FEB 1991)

The delivery schedule and/or period of performance of this contract is based upon a spacecraft launch
date of December 2007. In the event of a Government directed delay of the launch date, the Contracting
Officer may inform the Contractor, in writing, of the revised launch date, and allow the Contractor to
submit a proposal for the effect of this delay on the cost, delivery schedule, or other terms of the
contract. This may result in an equitable adjustment to the estimated cost, fee(s), if any, and delivery
schedule or period of performance. Failure to agree to an adjustment shall be considered as a dispute
under the Disputes clause. However, nothing in this clause shall excuse the Contractor from proceeding
with the contract as extended.

(End of clause)
H.14 EXPORT LICENSES (1852.225-70) (FEB 2000)

(a) The Contractor shall comply with all U.S. export control laws and regulations, including the
International Traffic in Arms Regulations (ITAR), 22 CFR Parts 120 through 130, and the Export
Administration Regulations (EAR), 15 CFR Parts 730 through 799, in the performance of this contract.
In the absence of available license exemptions/exceptions, the Contractor shall be responsible for
obtaining the appropriate licenses or other approvals, if required, for exports of hardware, technical data,
and software, or for the provision of technical assistance.

(b) The Contractor shall be responsible for obtaining export licenses, if required, before utilizing foreign
persons in the performance of this contract, including instances where the work is to be performed on-

site at any Government installation, where the foreign person will have access to export-controlled
technical data or software.

(c) The Contractor shall be responsible for all regulatory record keeping requirements associated with
the use of licenses and license exemptions/exceptions.

(d) The Contractor shall be responsible for ensuring that the provisions of this clause apply to its
subcontractors.

(End of clause)

H.15 TASK ORDERING PROCEDURE (1852.216-80) (OCTOBER 1996)
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(a) Only the Contracting Officer may issue task orders to the Contractor, providing specific
authorization or direction to perform work within the scope of the contract and as specified in the
schedule. The Contractor may incur costs under this contract in performance of task orders and task
order modifications issued in accordance with this clause. No other costs are authorized unless
otherwise specified in the contract or expressly authorized by the Contracting Officer.

(b) Prior to issuing a task order, the Contracting Officer shall provide the Contractor with the following
data:

(1) A functional description of the work identifying the objectives or results desired from the
contemplated task order.

(2) Proposed performance standards to be used as criteria for determining whether the work
requirements have been met.

(3) A request for a task plan from the Contractor to include the technical approach, period of
performance, appropriate cost information, and any other information required to determine the
reasonableness of the Contractor’s proposal.

(c) Within 10 calendar days after receipt of the Contracting Officer’s request, the Contractor shall submit
a task plan conforming to the request.

(d) After review and any necessary discussions, the Contracting Officer may issue a task order to the
- Contractor containing, as a minimum, the following:

(1) Date of the order.

(2) Contract number and order number.

(3) Functional description of the work identifying the objectives or results desired from the task
order, including special instructions or other information necessary for performance of the task.

(4) Performance standards, and where appropriate, quality assurance standards.

(5) Maximum dollar amount authorized (cost and fee or price). This includes allocation of award
fee among award fee periods, if applicable.

(6) Any other resources (travel, materials, equipment, facilities, etc.) authorized.

(7) Delivery/performance schedule including start and end dates.

(8) If contract funding is by individual task order, accounting and appropriation data.

(e) The Contractor shall provide acknowledgment of receipt to the Contracting Officer within 5 calendar
days after receipt of the task order.

(f) If time constraints do not permit issuance of a fully defined task order in accordance with the

procedures described in paragraphs (a) through (d), a task order which includes a ceiling price may be
issued.

(g) The Contracting Officer may amend tasks in the same manner in which they were issued.

(h) In the event of a conflict between the requirements of the task order and the Contractor’s approved
task plan, the task order shall prevail.
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(End of clause)

H.16 CONTRACTOR PROPOSED INNOVATIONS/ENHANCEMENTS

The Contractor shall provide the innovations/enhancements that are described under Attachment H.
These innovations/enhancements, which are over and above the requirements required by the contract
terms and conditions and the HRV DM requirements, were proposed by the Contractor in the proposal
submitted in response to the HRV DM Request for Proposal. The incorporation of these
innovations/enhancements does not relieve the Contractor from the responsibilities of meeting all other
contract terms and conditions and the HRV DM requirements. The Contractor shall perform these
innovations/enhancements on all work performed, unless specifically waived by the Contracting Officer
in writing.

(End of Clause)
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I.1 CLAUSES INCORPORATED BY REFERENCE (52.252-2) (FEB 1998)

This Contract incorporates one or more clauses by reference, with the same force and effect as if they
were given in full text. Upon request, the Contracting Officer will make their full text available. Also,
the full text of a clause may be accessed electronically at this/these address(es):

Federal Acquisition Regulation (FAR) clauses:

http://www.arnet.gov/far/

NASA FAR Supplement (NFS) clauses:

http://www .hq.nasa.gov/office/procurement/regs/nfstoc.htm

(a) FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1)

(52.202-1)
(52.203-3)
(52.203-5)
(52.203-6)

(52.203-7)
(52.203-8)

(52.203-10)
(52.203-12)
(52.204-4)

(52.204-7)
(52.208-8)

(52.209-6)

(52.211-5)
(52.211-15)
(52.215-2)
(52.215-8)
(52.215-11)

DEFINITIONS (DEC 2001)

GRATUITIES (APR 1984)

COVENANT AGAINST CONTINGENT FEES (APR 1984)

RESTRICTIONS ON SUBCONTRACTOR SALES TO THE GOVERNMENT
(JUL 1995)

ANTI-KICKBACK PROCEDURES (JUL 1995)

CANCELLATION, RESCISSION, AND RECOVERY OF FUNDS FOR
ILLEGAL OR IMPROPER ACTIVITY (JAN 1997)

PRICE OR FEE ADJUSTMENT FOR ILLEGAL OR IMPROPER ACTIVITY
(JAN 1997)

LIMITATION ON PAYMENTS TO INFLUENCE CERTAIN FEDERAL
TRANSACTIONS (JUNE 2003)

PRINTED OR COPIED DOUBLE-SIDED ON RECYCLED PAPER (AUG
2000)

CENTRAL CONTRACTOR REGISTRATION (OCT 2003)

REQUIRED SOURCES FOR HELIUM AND HELIUM USAGE DATA (APR
2002) '

PROTECTING THE GOVERNMENT'S INTEREST WHEN
SUBCONTRACTING WITH CONTRACTORS DEBARRED,SUSPENDED,
OR PROPOSED FOR DEBARMENT (JUL 1995)

MATERIAL REQUIREMENTS (AUG 2000)

DEFENSE PRIORITY AND ALLOCATION REQUIREMENTS (SEPT 1990)
AUDIT AND RECORDS--NEGOTIATION (JUN 1999)

ORDER OF PRECEDENCE--UNIFORM CONTRACT FORMAT (OCT 1997)
PRICE REDUCTION FOR DEFECTIVE COST OR PRICING DATA--
MODIFICATION (OCT 1997)
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(52.215-19)
(52.215-21)
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(52.227-2)

(52.227-11)
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SUBCONTRACTOR COST OR PRICING DATA--MODIFICATIONS (OCT
1997)

INTEGRITY OF UNIT PRICES (OCT 1997)

PENSION ADJUSTMENTS AND ASSET REVERSIONS (JAN 2004)
REVERSION OR ADJUSTMENT OF PLANS FOR POSTRETIREMENT
BENEFITS (PRB) OTHER THAN PENSIONS (OCT 1997)

NOTIFICATION OF OWNERSHIP CHANGES (OCT 1997)
REQUIREMENTS FOR COST OR PRICING DATA OR INFORMATION
OTHER THAN COST OR PRICING DATA--MODIFICATIONS (OCT 1997)
ALLOWABLE COST AND PAYMENT (DEC 2002)

UTILIZATION OF SMALL BUSINESS CONCERNS (OCT 2000

SMALL BUSINESS SUBCONTRACTING PLAN (JAN 2002)--ALTERNATE
II (OCT 2001)

LIQUIDATED DAMAGES--SUBCONTRACTING PLAN (JAN 1999)
NOTICE OF PRICE EVALUATION ADJUSTMENT FOR SMALL
DISADVANTAGED BUSINESS CONCERNS (JUNE 2003)[the factor in para
(b)is 10 percent} {offeror elects to waive adjustment [ ]}

SMALL DISADVANTAGED BUSINESS PARTICIPATION PROGRAM--
DISADVANTAGED STATUS AND REPORTING (OCT 1999)

NOTICE TO THE GOVERNMENT OF LABOR DISPUTES (FEB 1997)
CHILD LABOR--COOPERATION WITH AUTHORITIES AND REMEDIES
(JAN 2004)

WALSH-HEALEY PUBLIC CONTRACTS ACT (DEC 1996)

PROHIBITION OF SEGREGATED FACILITIES (FEB 1999)

EQUAL OPPORTUNITY (APR 2002)

EQUAL OPPORTUNITY FOR SPECIAL DISABLED VETERANS,
VETERANS OF THE VIETNAM ERA, AND OTHER DISABLED VETERANS
(DEC 2001)

AFFIRMATIVE ACTION FOR WORKERS WITH DISABILITIES (JUN 1998)
EMPLOYMENT REPORTS ON SPECIAL DISABLED VETERANS,
VETERANS OF THE VIETNAM ERA, AND OTHER ELIGIBLE VETERANS
(DEC 2001)

POLLUTION PREVENTION AND RIGHT-TO-KNOW INFORMATION (AUG
2003)—ALTERNATE I (AUG 2003)

DRUG FREE WORK PLACE (MAY 2001)

TOXIC CHEMICAL RELEASE REPORTING (AUG 2003)

BUY AMERICAN ACT--SUPPLIES (JUNE 2003)

DUTY FREE ENTRY (FEB 2000)

RESTRICTIONS ON CERTAIN FOREIGN PURCHASES (DEC 2003)
AUTHORIZATION AND CONSENT (JUL 1995)--ALTERNATE I (APR 1984)
NOTICE AND ASSISTANCE REGARDING PATENT AND COPYRIGHT
INFRINGEMENT (AUG 1996)

PATENT RIGHTS-RETENTION BY THE CONTRACTOR (SHORT FORM)
(JUN 1997) as modified by NASA FAR Supplement 1852.227-11
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(52.227-14)
(52.227-14)

(52.227-16)
(52.227-17)

(52.227-21)

(52.228-7)
(52.230-2)
(52.230-6)
(52.232-9)
(52.232-17)
(52.232-22)
(52.232-23)
(52.232-25)
(52.232-34)

(52.233-1)
(52.233-3)
(52.242-1)
(52.242-3)
(52.242-13)
(52.243-2)

(52.243-6)
(52.244-2)

(52.244-5)
(52.245-1)
(52.245-5)
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RIGHTS IN DATA--GENERAL (JUN 1987) as modified by NASA FAR
Supplement 18-52.227-14--ALTERNATE II (JUN 1987)

RIGHTS IN DATA--GENERAL (JUN 1987) as modified by NASA FAR
Supplement 18-52.227-14--ALTERNATE III (JUN 1987)

ADDITIONAL DATA REQUIREMENTS (JUN 1987)

RIGHTS IN DATA--SPECIAL WORKS (JUN 1987) as modified by NASA FAR
Supplement 18-52.227-17

TECHNICAL DATA DECLARATION, REVISION, AND WITHHOLDING OF
PAYMENT--MAJOR SYSTEMS (JAN 1997)

INSURANCE--LIABILITY TO THIRD PERSONS (MAR 1996)

COST ACCOUNTING STANDARDS (APR 1998)

ADMINISTRATION OF COST ACCOUNTING STANDARDS (NOV 1999)
LIMITATION ON WITHHOLDING OF PAYMENTS (APR 1984)

INTEREST (JUN 1996)

LIMITATION OF FUNDS (APR 1984)

ASSIGNMENT OF CLAIMS (JAN 1986)

PROMPT PAYMENT (OCT 2003)

PAYMENT BY ELECTRONIC FUNDS TRANSFER--OTHER THAN
CENTRAL CONTRACTOR REGISTRATION (MAY 1999)[para (b)(1) fill-in
(hereafter: "designated office"--Cost and Commercial Accounts Department,
Code 155, NASA/Goddard Space Flight Center, Greenbelt, MD 20771, FAX 301-
286-1748, no later than concurrent with the first request for payment.]
DISPUTES (JULY 2002)--ALTERNATE I (DEC 1991)

PROTEST AFTER AWARD (AUG 1996)--ALTERNATE I (JUN 1985)
NOTICE OF INTENT TO DISALLOW COSTS (APR 1984)

PENALTIES FOR UNALLOWABLE COSTS (MAY 2001)

BANKRUPTCY (JUL 1995)

CHANGES--COST-REIMBURSEMENT (AUG 1987)--ALTERNATE V (APR
1984) '

CHANGE ORDER ACCOUNTING (APR 1984)

SUBCONTRACTS (AUG 1998)--ALTERNATE I (AUG 1998) {paragraph (e) is
"Professional and consultant costs as defined at FAR 31.205-33" and paragraph
(k) is "None"}

COMPETITION IN SUBCONTRACTING (DEC 1996)

PROPERTY RECORDS (APR 1984)

GOVERNMENT PROPERTY (COST-REIMBURSEMENT, TIME—AND--
MATERIAL, OR LABOR--HOUR CONTRACTS) (MAY 2004)
(DEVIATION)(PIC 99-15) (SEP 1999)--(g)(5) of the clause shall read as follows:
"The contractor shall notify the contracting officer upon loss or destruction of, or
damage to, Government property provided under this contract, with the exception
of low value property for which loss, damage, or destruction is reported at
contract termination, completion, or when needed for continued performance.

The Contractor shall take all reasonable action to protect the Government property
from further damage, separate the damaged and undamaged Government property,
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SECTION I OF NNG0SEA01C
CONTRACT CLAUSES

put all the affected Government property in the best possible order, and furnish to
the Contracting Officer a statement of--" The balance of (g)(5) is unchanged.
SPECIAL TEST EQUIPMENT (FEB 1993)

LIMITATION OF LIABILITY--HIGH VALUE ITEMS (FEB 1997)
PREFERENCE FOR U.S.-FLAG AIR CARRIERS (JUNE 2003)
SUBMISSION OF COMMERCIAL TRANSPORTATION BILLS TO THE
GENERAL SERVICES ADMINISTRATION FOR AUDIT (JUN 1997)
COMMERCIAL BILL OF LADING NOTATIONS (APR 1984)

VALUE ENGINEERING (FEB 2000)

TERMINATION (COST-REIMBURSEMENT) (May 2004)

EXCUSABLE DELAYS (APR 1984)

GOVERNMENT SUPPLY SOURCES (APR 1984)

(b) NASA FAR SUPPLEMENT (48 CFR CHAPTER 18) PROVISIONS)

(1852.203-70)
(1852.215-84)

(1852.216-89)
(1852.219-74)
(1852.219-75)
(1852.219-76)
(1852.219-77)
(1852.219-79)
(1852.223-74)
(1852.228-75)
(1852.235-70)
(1852.242-75)
(1852.242-78)
(1852.243-71)

DISPLAY OF INSPECTOR GENERAL HOTLINE POSTERS (JUNE 2001)
OMBUDSMAN (OCT 2003) The installation Ombudsman is William F.
Townsend, Goddard Space Flight Center, Mailstop 100, Greenbelt, MD 20771,
Business Phone: 301 286-5066, Fax 301 286-1714, E-mail address:
William.F.Townsend@nasa.gov

ASSIGNMENT AND RELEASE FORMS (JUL 1997)

USE OF RURAL AREA SMALL BUSINESSES (SEP 1990)

SMALL BUSINESS SUBCONTRACTING REPORTING (MAY 1999)
NASA 8 PERCENT GOAL (JUL 1997)

NASA MENTOR-PROTEGE PROGRAM (MAY 1999)

MENTOR REQUIREMENTS AND EVALUATION (MAR 1999)
DRUG-AND ALCOHOL-FREE WORKPLACE (MAR 1996)

MINIMUM INSURANCE COVERAGE (OCT 1988)

CENTER FOR AEROSPACE INFORMATION (FEB 2003)

EARNED VALUE MEASUREMENT SYSTEM (MAR 1999)
EMERGENCY MEDICAL SERVICES AND EVACUATION APR 2001
SHARED SAVINGS (MAR 1997)

(End of By Reference Section)

I.2 RIGHTS TO PROPOSAL DATA (52.227-23) (TECHNICAL) (JUN 1987)

Except for data contained on pages _NONE , it is agreed that as a condition of award of this contract,
and notwithstanding the conditions of any notice appearing thereon, the Government shall have
unlimited rights (as defined in the "Rights in Data--General" clause contained in this contract) in and to
the technical data contained in the proposal dated 16 July 2004 , upon which this contract is based.
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(End of Clause)

I.3  AVAILABILITY OF FUNDS (52.232-18) (APR 1984)

Funds are not presently available for this contract. The Government’s obligation under this contract is
contingent upon the availability of appropriated funds from which payment for contract purposes can be
made. No legal liability on the part of the Government for any payment may arise until funds are made
available to the Contracting Officer for this contract and until the Contractor receives notice of such
availability, to be confirmed in writing by the Contracting Officer.

(End of clause)

1.4 NOTIFICATION OF CHANGES (52.243-7) (APR 1984)

(a) Definitions. "Contracting Officer," as used in this clause, does not include any representative
of the Contracting Officer. "Specifically authorized representative (SAR)," as used in this clause, means
any person the Contracting Officer has so designated by written notice (a copy of which shall be
provided to the Contractor) which shall refer to this subparagraph and shall be issued to the designated
representative before the SAR exercises such authority.

(b) Notice. The primary purpose of this clause is to obtain prompt reporting of Government
conduct that the Contractor considers to constitute a change to this contract. Except for changes
identified as such in writing and signed by the Contracting Officer, the Contractor shall notify the
Administrative Contracting Officer in writing promptly, within five (5)calendar days from the date that
the Contractor identifies any Government conduct (including actions, inactions, and written or oral
communications) that the Contractor regards as a change to the contract terms and conditions. On the
basis of the most accurate information available to the Contractor, the notice shall state--

(1) The date, nature, and circumstances of the conduct regarded as a change;

(2) The name, function, and activity of each Government individual and Contractor
official or employee involved in or knowledgeable about such conduct;

(3) The identification of any documents and the substance of any oral communication
involved in such conduct;

(4) In the instance of alleged acceleration of scheduled performance or delivery, the basis
upon which it arose;

(5) The particular elements of contract performance for which the Contractor may seek an
equitable adjustment under this clause, including--

(i) What contract line items have been or may be affected by the alleged change,
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(i1) What labor or materials or both have been or may be added, deleted, or wasted
by the alleged change;

(iii) To the extent practicable, what delay and disruption in the manner and
sequence of performance and effect on continued performance have been or may be caused by the
alleged change;

(iv) What adjustments to contract price, delivery schedule, and other provisions
affected by the alleged change are estimated; and

(6) The Contractor’s estimate of the time by which the Government must respond to the
Contractor’s notice to minimize cost, delay or disruption of performance.

(c) Continued performance. Following submission of the notice required by (b) above, the
Contractor shall diligently continue performance of this contract to the maximum extent possible in
accordance with its terms and conditions as construed by the Contractor, unless the notice reports a
direction of the Contracting Officer or a communication from a SAR of the Contracting Officer, in either
of which events the Contractor shall continue performance; provided, however, that if the Contractor
regards the direction or communication as a change as described in (b) above, notice shall be given in
the manner provided. All directions, communications, interpretations, orders and similar actions of the
SAR shall be reduced to writing promptly and copies furnished to the Contractor and to the Contracting
Officer. The Contracting Officer shall promptly countermand any action which exceeds the authority of
the SAR.

(d) Government response. The Contracting Officer shall promptly, within fifteen (15) calendar
days after receipt of notice, respond to the notice in writing. In responding, the Contracting Officer shall
either--

(1) Confirm that the conduct of which the Contractor gave notice constitutes a change and
when necessary direct the mode of further performance;

(2) Countermand any communication regarded as a change;

(3) Deny that the conduct of which the Contractor gave notice constitutes a change and
when necessary direct the mode of further performance; or

(4) In the event the Contractor’s notice information is inadequate to make a decision
under (1), (2), or (3) above, advise the Contractor what additional information is required, and establish
the date by which it should be furnished and the date thereafter by which the Government will respond.

(e) Equitable adjustments. (1) If the Contracting Officer confirms that Government conduct
effected a change as alleged by the Contractor, and the conduct causes an increase or decrease in the
Contractor’s cost of, or the time required for, performance of any part of the work under this contract,
whether changed or not changed by such conduct, an equitable adjustment shall be made--
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(1) In the contract price or delivery schedule or both; and
(i1) In such other provisions of the contract as may be affected.

(2) The contract shall be modified in writing accordingly. In the case of drawings, designs
or specifications which are defective and for which the Government is responsible, the equitable
adjustment shall include the cost and time extension for delay reasonably incurred by the Contractor in
attempting to comply with the defective drawings, designs or specifications before the Contractor
identified, or reasonably should have identified, such defect. When the cost of property made obsolete
or excess as a result of a change confirmed by the Contracting Officer under this clause is included in the
equitable adjustment, the Contracting Officer shall have the right to prescribe the manner of disposition
of the property. The equitable adjustment shall not include increased costs or time extensions for delay
resulting from the Contractor’s failure to provide notice or to continue performance as provided,
respectively, in (b) and (c) above.

NOTE: The phrases "contract price" and "cost" wherever they appear in the clause, may be
appropriately modified to apply to cost-reimbursement or incentive contracts, or to combinations
thereof.

(End of clause)

'I.S HAZARDOUS MATERIAL IDENTIFICATION AND MATERIAL SAFETY DATA
(52.223-3) (JAN 1997)--ALTERNATE I (JUL 1995)

(a) "Hazardous material," as used in this clause, includes any material defined as hazardous under the
latest version of Federal Standard No. 313 (including revisions adopted during the term of the contract).

(b) The offeror must list any hazardous material, as defined by paragraph (a) of this clause, to be
delivered under this contract. The hazardous material shall be properly identified and include any
applicable identification number, such as National Stock Number or Special Item Number. This
information shall also be included on the Material Safety Data Sheet submitted under this contract.

Material (If none, insert NONE)

................................................................
................................................................

................................................................
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Identification No.

................................................................
................................................................

................................................................

(c) This list must be updated during performance of the contract whenever the Contractor determines
that any other material to be delivered under this contract is hazardous.

(d) The apparently successful offeror agrees to submit, for each item as required prior to award, a
Material Safety Data Sheet, meeting the requirements of 29 CFR 1910.1200(g) and the latest version of
Federal Standard No. 313, for all hazardous material identified in paragraph (b) of this clause. Data
shall be submitted in accordance with Federal Standard No. 313, whether or not the apparently
successful offeror is the actual manufacturer of these items. Failure to submit the Material Safety Data
Sheet prior to award may result in the apparently successful offeror being considered nonresponsible and
ineligible for award.

(e) If, after award, there is a change in the composition of the item(s) or a revision to Federal Standard
No. 313, which renders incomplete or inaccurate the data submitted under paragraph (d) of this clause,
the Contractor shall promptly notify the Contracting Officer and resubmit the data.

() Neither the requirements of this clause nor any act or failure to act by the Government shall relieve
the Contractor of any responsibility or liability for the safety of Government, Contractor, or
subcontractor personnel or property.

(g) Nothing contained in this clause shall relieve the Contractor from complying with applicable Federal,
State, and local laws, codes, ordinances, and regulations (including the obtaining of licenses and

permits) in connection with hazardous material.

(h) The Government’s rights in data furnished under this contract with respect to hazardous material are
as follows:

(1) To use, duplicate, and disclose any data to which this clause is applicable. The purposes of
this right are to--

(i) Apprise personnel of the hazards to which they may be exposed in using, handling,
packaging, transporting, or disposing of hazardous materials;

(ii) Obtain medical treatment for those affected by the material; and

48



SECTION I OF NNGO0SEA01C
CONTRACT CLAUSES

(ii1) Have others use, duplicate, and disclose the data for the Government for these
purposes.

(2) To use, duplicate, and disclose data furnished under this clause, in accordance with

subparagraph (h)(1) of this clause, in precedence over any other clause of this contract providing for
rights in data.

(3) The Government is not precluded from using similar or identical data acquired from other
sources.

(1) Except as provided in paragraph (i)(2), the Contractor shall prepare and submit a sufficient number of
Material Safety Data Sheets (MSDS’s), meeting the requirements of 29 CFR 1910.1200(g) and the latest
version of Federal Standard No. 313, for all hazardous material identified in paragraph (b) of this clause.

(1) For items shipped to consignees, the Contractor shall include a copy of the MSDS’s with the
packing list or other suitable shipping document which accompanies each shipment. Alternatively, the
Contractor is permitted to transmit MSDS’s to consignees in advance of receipt of shipments by
consignees, if authorized by the Contracting Officer.

(2) For items shipped to consignees identified by mailing address as agency depots, distribution
centers or customer supply centers, the Contractor shall provide one copy of the MSDS’s in or on each
shipping container. If affixed to the outside of each container, the MSDS must be placed in a weather
resistant envelope.

(End of clause)

1.6 AUTHORIZED DEVIATIONS IN CLAUSES (52.252-6) (APR 1984)

(a) The use in this solicitation or contract of any Federal Acquisition Regulation (48 CFR Chapter 1)

clause with an authorized deviation is indicated by the addition of "(DEVIATION)" after the date of the
clause. '

(b) The use in this solicitation or contract of any NASA FAR Supplement Regulation (48 CFR Chapter
18) clause with an authorized deviation is indicated by the addition of "(DEVIATION)" after the name
of the regulation.

(End of Clause)

I.7 SUBCONTRACTS FOR COMMERCIAL ITEMS (52.244-6)(APR 2003)

(a) Definitions. As used in this clause--
"Commercial item," has the meaning contained in the clause at 52.202-1, Definitions.
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"Subcontract," includes a transfer of commercial items between divisions, subsidiaries, or affiliates of
the Contractor or subcontractor at any tier.

(b) To the maximum extent practicable, the Contractor shall incorporate, and require its subcontractors
at all tiers to incorporate, commercial items or nondevelopmental items as components of items to be
supplied under this contract.

(c)(1) The following clauses shall be flowed down to subcontracts for commercial items:

(1) 52.219-8, Utilization of Small Business Concerns (OCT 2000) (15 U.S.C. 637(d)(2)
and (3)), in all subcontracts that offer further subcontracting opportunities. If the subcontractor (except
contracts to small business concerns) exceeds $500,000 ($1,000,000 for construction of any public
facility), the subcontractor must include 52.219-8 in lower tier subcontracts that offer subcontracting
opportunities.

(i) 52.222-26, Equal Opportunity (APR 2002)(E.O. 11246).

(iii) 52.222-35, Equal Opportunity for Special Disabled Veterans, Veterans of the
Vietnam Era, and Other Eligible Veterans (DEC 2001)(38 U.S.C. 4212(a)).

(iv) 52.222-36, Affirmative Action for Workers with Disabilities (JUN 1998)(29 U.S.C.
793).

(v) 52.247-64, Preference for Privately Owned U.S.-Flag Commercial Vessels (JUN
2000)(46 U.S.C. Appx 1241 and 10 U.S.C. 2631) (flow down required in accordance with paragraph (d)
of FAR clause 52.247-64).

(2) While not required, the Contractor may flow down to subcontracts for commercial items a
minimal number of additional clauses necessary to satisfy its contractual obligations.

(d) The Contractor shall include the termsi of this clause, including this paragraph (d), in subcontracts
awarded under this contract.

(End of clause)

1.8 COMPUTER GENERATED FORMS (52.253-1) (JAN 1991)

(a) Any data required to be submitted on a Standard or Optional Form prescribed by the Federal
Acquisition Regulation (FAR) may be submitted on a computer generated version of the form, provided
there is no change to the name, content, or sequence of the data elements on the form, and provided the
form carries the Standard or Optional Form number and edition date.

(b) Unless prohibited by agency regulations, any data required to be submitted on an agency
unique form prescribed by an agency supplement to the FAR may be submitted on a computer generated
version of the form provided there is no change to the name, content, or sequence of the data elements
on the form and provided the form carries the agency form number and edition date.
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(c) If the Contractor submits a computer generated version of a form that is different than the
required form, then the rights and obligations of the parties will be determined based on the content of
the required form.

(End of clause)

1.9 ENGINEERING CHANGE PROPOSALS (1852.243-70) (OCT 2001)--ALTERNATE II
(SEP 1990)

(a) Definitions.

"ECP" means an Engineering Change Proposal (ECP) which is a proposed engineering change
and the documentation by which the change is described, justified, and submitted to the procuring
activity for approval or disapproval.

(b) Either party to the contract may originate ECPs. Implementation of an approved ECP may occur by
either a supplemental agreement or, if appropriate, as a written change order to the contract.

(c) Any ECP submitted to the Contracting Officer shall include a “not-to-exceed” estimated
cost]increase or decrease adjustment amount, if any, and the required time of delivery adjustment, if any,
acceptable to the originator of the ECP. If the change is originated within the Government, the
Contracting Officer shall obtain a written agreement with the Contractor regarding the “not-to-exceed”
estimated cost and delivery adjustments, if any, prior to issuing an order for implementation of the
change. An ECP accepted in accordance with the Changes clause of this contract shall not be considered
an authorization to the Contractor to exceed the estimated cost in the contract Schedule, unless the
estimated cost is increased by the change order or other contract modification.

(d) After submission of a Contractor initiated ECP, the Contracting Officer may require the Contractor
to submit the following information:

(1) Cost or pricing data in accordance with FAR 15.403-5 if the proposed change meets the
criteria for its submission under FAR 15.403-4; or

(2) Information other than cost or pricing data adequate for Contracting Officer determination of
price reasonableness or cost realism. The Contracting Officer reserves the right to request additional
information if that provided by the Contractor is considered inadequate for that purpose. If the
Contractor claims applicability of one of the exceptions to submission of cost or pricing data, it shall cite
the exception and provide rationale for its applicability.

(e) If the ECP is initiated by NASA, the Contracting Officer shall specify the cost information
requirements, if any.

(End of clause)
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J.1 LIST OF ATTACHMENTS (GSFC 52.211-101) (OCT 1988)

The following attachments constitute part of this contract:

Attachment | Description Date

A HRVDM Statement of Work (SOW) June 1, 2004
B HRVDM Requirements Document June 1, 2004
C HRDVM Deliverable Items List and Schedule (DILS) June 1, 2004
D HRVDM Deliverable Requirements Document (DRD) June 1, 2004
E Mission Assurance Requirements (MAR) June 1, 2004
F HRVDM Work Breakdown Structure (WBS) June 1, 2004
G HRVDM Financial Reporting Requirements June 1, 2004
H RESERVED

1 HRVDM Small Business Subcontracting Plan July 16, 2004
J HRVDM Safety and Health Plan July 16, 2004
K HRVDM Mission Assurance Plan July 16, 2004
L List of Government Furnished Items July 16, 2004

(End of clause)
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A.0 Contract Overview

The following overview describes the responsibilities of the De-orbit Module (DM)
contractor.

A.1 De-orbit Module System

The contractor shall design and build the DM element of the HST Robotics Vehicle
(HRV). The DM, when combined with the Ejection Module (EM), will rendezvous with
the Hubble Space Telescope (HST) and capture and dock with HST. The combined
DM/EM spacecraft along with a grapple arm and a dexterous robot is the HRV. The EM
is jettisoned after HST servicing is complete. After separation of the EM from the
HST/DM, the DM shall provide battery augmentation for HST, provide interfaces for
gyro augmentation, and provide end-of-life controlled reentry of HST.

A.2 Ejection Module Interface Control Document

The contractor shall work with NASA to define the EM interfaces and provide the DM-
to-EM Interface Control Document (ICD). NASA will comply with this ICD to design
and build the EM. The EM will carry all HST replacement equipment and the robotics

necessary to service HST.

A.3 De-orbit Module Ground Interface

The contractor shall provide the DM Ground Test Set (DMGTS) that will process all data
types and formats that the DM will transmit and receive during all phases of the mission.
The DMGTS shall provide a set of Application Program Interfaces (API) that will allow
the Control Center System (CCS) to interface with it.

A.4 Systems Engineering Support

The contractor shall provide system engineer(s) resident at Goddard Space Flight Center
(GSFC) from the beginning of the contract through the end of HST servicing. The
contractor shall provide systems engineer(s) resident at GSFC for the de-orbit mission.
The engineer(s) will function as part of the HST team during Hubble Robotic Vehicle
(HRV) development and provide for smooth interface coordination between all elements
of the mission through servicing of HST and for de-orbit of HST.

A.S Common Components
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At the request of the Contracting Officer, the contractor or a subcontractor shall provide
flight qualified additional common DM components for use in the EM. This common
hardware will be purchased through the Provisioned Hardware Clause.

A.6 Ground Support Equipment

The contractor shall provide all handling fixtures, mechanical Ground Support
Equipment (GSE), Electrical GSE, and test software to NASA.

A.7 Post Delivery Support

The contractor shall provide support through the HST de-orbit phase.

B.0 Introduction

The Hubble Space Telescope (HST) Program is planning the HST Robotic Servicing and
De-orbit Mission (HRSDM) to perform selected functions originally planned for Space
Shuttle Orbiter-based servicing during Servicing Mission 4, and to provide a safe and
controlled reentry (de-orbit) capability for HST at the end of its mission. The planned
launch date for the HRSDM is December 2007. This Statement of Work is for one
element of the system required to perform the HRSDM, the De-orbit Module (DM). The
total of all the flight elements necessary to support the HRSDM is referred to as the
Hubble Robotic Vehicle (HRV). The HRV consist of four elements. The De-orbit
Module, the Ejection Module, the Grapple Arm, and the Dexterous Robot. Figure 1
shows a concept design of the HRV.

Deorbit Module (Dm

Hubble Robotic
Vehicle

(HRV)
Ejection Module (EM)

Robotic Module )

Figure 1. A concept design of the HRV.
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A level 1 requirement for HST servicing missions is to ensure that the mission will “do
no harm” to the HST during or after completion of the servicing activities. For HRSDM,
this principle shall be adhered to by all servicing mission elements with the following
exception: providing a safe and controlled de-orbit capability for HST at the end of the
useful scientific life is the highest priority goal of HRSDM. Attaching the de-orbit
capability to HST may have some impact on performance, but all effort shall be taken
during hardware development and operations planning to ensure that the de-orbit
capability does not substantially affect nominal HST operations.

Except as otherwise specified herein, the DM contractor shall be responsible for
providing the DM element for HRSDM, including all DM-associated: systems
engineering; integration and test (I&T); operations development support; launch site
support; mission operations support through on-orbit checkout and during de-orbit; and
on-orbit anomaly resolution, software maintenance, and sustaining engineering.

Additional sections of this SOW will describe mission-level system engineering and 1&T
that the DM contractor shall provide so that the integrated HRV and the post-HRSDM
HST can take full advantage of DM capabilities.

After servicing, the contractor shall document DM mission performance through
servicing. After de-orbit, the contractor shall document DM de-orbit performance.

The technical requirements for the De-orbit Module are documented in the
Requirements Document. In the event of ambiguous or conflicting direction between
the technical description given in this Section (A) and the Requirements Document, the
Requirements Document shall take precedence.

B.1 Definitions

Flight Segment. The flight segment shall contain all the components of the HRV.

Ground Segment. The ground segment shall contain all the components on the ground
that are required to support the HRSDM mission, including the Integration & Test
equipment. This includes both HRV-specific elements as well as the HST observatory
operations support infrastructure.

HST (as a segment). The flight segment of HST is the component to which the DM
must interface “as-is”. All requirements on HST as a segment shall refer to operationally
commandable aspects (HST state/configuration). Contingencies shall be evaluated
during DM design for cases where the commanded configuration is not what is intended.

HST Program. The organization that manages the day-to-day activities of HST. The
HST Program is located at the NASA Goddard Space Flight Center (GSFC).

Requirements Documentation Tree Levels.
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NASA Headquarters top-level requirements levied on the HST
Program.

HST Program-generated and derived requirements levied on
HRSDM as a whole and individually on the HRV segments and
elements.

Derived requirements for the HRV segments and elements that are
levied on deliverables within the segment or element. The
contractor shall develop requirements that span segments or
elements in consultation with other involved parties and through
trade studies. Contractor developed requirements that span
segments or elements shall be approved by the government, and
documented.

Hubble Robotic Vehicle (HRV) Team. The team within the HST Program that leads
the development of the HRV segment.

HRSDM or Mission. The on-orbit servicing activities intended to be performed by the

HRV.

B.2 System Constituents and Mission Phases

The HRSDM development consists of the following major elements.

1. The De-orbit Module (DM).
2. The Ejection Module (EM).
3. The Grapple Arm

4. The Dexterous Robot.

5. The Ground Segment.

NASA GSFC will lead elements 2 through 5 and be responsible for the overall mission
integration, test, and operations. This SOW applies to Element 1. The relationship
between these elements and the existing HST elements is illustrated in Figure 2. These
elements are described in more detail below.
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Hubble Robotic
Vehicle (HRYV)

Deorbit Modul

|

Ejection Module
Grapple Arm

Dexterous Robot

HST Mission Integration, Test, and
Operations Management Team

Training

|

Figure 2: HRSDM robotic servicing primary constituents.

The mission phases following successful delivery of the DM flight hardware is as
follows: HRV Integration and Test at GFSC, Integration and Test at the Launch Site,
Launch, Orbit Insertion, Pursuit, Proximity Operations, Capture (includes docking), HST
Servicing, EM Ejection, resumption of HST Science Operations (post-servicing), and
safe disposal of HST at end-of-life.

B.2.1 The De-orbit Module (DM)

The DM is the element that provides the de-orbit capability for HST at the end of the
HST mission. It also provides accommodation for HST augmentation subsystems that
need to remain with the HST upon completion of servicing. The DM shall provide
command and control functions for orbit and attitude control for the combined HRV from
launch through EM ejection. The DM is the only element of the HRV that is intended to
remain with the HST after servicing, with the exception of items that are installed on the
HST during servicing. It has interfaces to the HST and the Ejection Module (EM),
defined in the next section. The HRV (and thus DM) shall be launched using an ELV.

The DM shall include the mechanical and thermal subsystems; propulsion subsystem;
guidance, navigation, and control (GN&C) subsystem; command and data handling

subsystem (C&DH); electrical power subsystem (EPS); communications subsystem;
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flight software; support avionics; and a direct docking (latching) subsystem to support
attachment to HST for de-orbit. The DM shall be capable of initiating a controlled re-
entry for the combined HST/DM vehicle at the end of the HST science mission.

The DM shall support orbit and attitude control from launch through EM ejection, using
actuators located in the EM. These actuators may include momentum wheels, magnetic
torquers, and thrusters. The rationale is that this additional mass should not remain
attached to the HST after performing their function.

The DM shall support automated rendezvous by providing the required sensor suite as
well as the necessary command and control functions. The preferred method for docking
shall be accomplished while in close proximity to the HST with the assistance of the
grapple arm, which mechanically and electrically interfaces to the EM.

All DM functions shall assume that the HST is in a non-responsive mode, with body rates
up to those specified in the Requirements Document. This requires that the DM shall
function as an autonomous spacecraft for all normal system functions (EPS, thermal,
C&DH, GN&C, communication). The DM shall present a passive mass to the HST after
servicing is completed.

The DM shall provide electrical interfaces with HST to support battery augmentation and
gyro augmentation. The DM shall provide the HST augmentation battery subsystem.
The DM shall house Gyro Input/Output (I/O) Electronics boxes that control the new Rate
Gyro Assemblies (RGA’s) that will be installed into HST for gyro augmentation as a part
of the WFC3 instrument. The Gyro 1/O electronics shall be supplied to the DM
contractor as Government Furnished Equipment (GFE).

The DM shall support separation and ejection of the EM after completion of servicing
operations.

B.2.2 The Ejection Module (EM)

The EM is an element being built in-house at GSFC. It provides storage for all the
hardware that is to be robotically replaced on HST, the grapple arm and its interfaces, the
dexterous robot, and stowage for the replaced science instruments during HRSDM. The
EM carries the high-gain antennas for high-data-rate communication via TDRSS. At the
completion of servicing, the EM shall be separated and ejected from the DM to minimize
the mass attached to HST. The EM will then perform a controlled de-orbit.

B.2.3 The Grapple Arm (GA)

The grapple arm is a multi-segmented arm used to capture one of the grapple fixtures on
HST during the capture phase. After the vehicles are berthed the GA is used to maneuver
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the dexterous robot to the appropriate worksites. The power systems and control
electronics for the GA are located in the EM.

During the pursuit, proximity operations, capture, and servicing phases, the DM shall
communicate with the grapple arm (via the EM) to ensure coordinated actions.

B.2.4 The Dexterous Robot (DR)

The Dexterous Robot (DR) is a two-armed, multi-degree of freedom robot used for
servicing tasks. It will be stowed during the launch, pursuit, proximity operations, and
capture phases. The power systems and control electronics for the DR are located in the
EM.

B.2.5 The Ground Segment

The HST Program will define and conduct top-level systems analyses and trade studies
pertaining to the Ground Segment and mission operations. The DM Contractor will
support these trade studies to assess if the DM Ground Test System (DMGTS) should be
built from a CCS test system or a Contractor provided base system.

The contractor shall provide the DMGTS that will process all data types and formats that
the DM will transmit and receive during all phases of the mission. The DMGTS shall
provide a set of Application Program Interfaces (API) that will allow the Control Center
System (CCS) to interface with it.

C.0 ASSOCIATED DOCUMENTS AND APPLICABLE DOCUMENTS

The contractor shall meet all the requirements specified within the RFP documents and
all referenced documents. All relevant documents not in the RFP can be found at
http://hubble.gsfc.nasa.gov/robotic-servicing.html.

1.0 Project Management

The contractor shall integrate management disciplines, functions, and systems into an
overall management activity to achieve cost-effective planning, organizing, controlling,
and reporting of technical approaches, technical progress, schedules, resources, and time
relationships. The contractor shall provide the project management for the overall
technical and business planning, organization, direction, integration, control, and
approval actions needed to accomplish the objectives of this contract. Computer-and-
software-based tools shall be used to communicate the content and track the status of all
activities for which the contractor is responsible under this contract. The contractor shall
report programmatic issues as soon as they arise. The contractor shall give the
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Government complete access and insight into all DM programmatic activities and
meetings.

The contractor shall develop, implement and maintain a Management Plan (DRD PM-
01) for the contract effort. The contractor shall electronically submit Weekly Activity
Reports (DRD PM-04) summarizing staffing, schedule, progress, risk, technical issues
and status and near-term milestones. The contractor shall submit and present Monthly
Status Reports (DRD PM-02) summarizing staffing, cost, schedule, performance, risk,
technical issues and status and near-term (one-month) milestones for all of the Project
elements. These reports shall provide a summary of the activities for the month,
highlight issues / problems / concerns, and briefly summarize plans for the following
month for each of the level-two (N.N) DM Work Breakdown Structure (WBS) elements.

1.1 Resources Management

The contractor shall be responsible for providing the financial management necessary for
the financial control and reporting of this contract. The contractor shall prepare and
submit in hardcopy and electronically Monthly Contractor Financial Management
Reports (533M) (DRD PM-06), and Quarterly Contractor Financial Management
Reports (533Q) (DRD PM-07). The contractor shall report costs down to the level-one
of the WBS (i.e., 1.0 Management, 2.0 Systems Engineering, 3.0 Electrical System, etc.)

The contractor shall implement an Earned Value Management System (EVMS). The
system shall be keyed to the WBS. The EVMS shall enable the contractor to track cost
and schedule performance and to relate technical progress and variances from the planned
cost and schedule. The EVMS shall provide timely and traceable incorporation of
contract changes and document their effects on the performance measurement baseline.
The EVMS shall provide a basis for forecasting near-term and long-term performance.
The contractor’s EVMS shall be described in an Earned Value Management System
Implementation Procedures (DRD PM-08), and the contractor shall prepare and submit
in hardcopy and electronically Monthly Earned Value Management System Cost
Performance Reports (DRD PM-09) in accordance with NPD 9501.3A. The contractor
shall also prepare and submit in hardcopy and electronically an Integrated Baseline
Review (IBR) (DRD PM-10).

1.2 Schedule Management

The contractor shall develop, maintain and analyze start-to-finish program schedules to
manage the design, development and production of the DM. The contractor shall
implement an effective update process on a regular basis to ensure that resources are
being used effectively. The contractor shall report schedule issues as soon as they arise.
The contractor shall give the government complete access and insight into all DM
schedule activities and meetings.
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The contractor shall monitor its schedule performance and the status of potential and/or
actual project changes; analyze the effect of schedule changes; and identify corrective
actions and/or work-around plans to meet contract requirements. Changes that affect the
schedules of other subsystems, external systems, milestones, or the scheduled system
critical path shall be subject to prior approval of the COTR. Schedule changes not
affecting the schedules of external systems or the critical path do not require COTR
approval.

System and subsystem schedules shall include dependencies between the DM
subsystems. The schedules shall be linked such that a slip in a deliverable on the
provider’s schedule shall be noted on the schedule of the receiving organization.
Similarly, system and subsystem schedules shall include dependencies between the DM
subsystems and other HRV external systems or subsystems. The dependencies shall be
linked such that a slip in a deliverable on the provider’s schedule shall be reflected.

The contractor shall describe the development, maintenance and access to its schedules in
its Management Plan (DRD PM-01). The contractor shall develop and maintain a
current version of its schedule and include it in its Monthly Status Reports (DRD PM-

02). Contract deliverables for schedule are described in Project Schedules (DRD PM-
100).

The contractor shall allow up to monthly schedule auditing by the Government to ensure
a systematic and effective schedule update process.

1.3 Configuration Management

The contractor shall define, implement, and maintain a Level 3 Configuration
Management (CM) Program consistent with the HST Program Office Configuration
Management Procedure (SCM1020B). The contractor shall prepare, submit, and
maintain an approved Configuration Management Plan (DRD PM-33) describing the
requirements, approaches, and procedures for implementing its CM Program. This plan
shall document the contractor's approach to specifying, documenting, controlling, and
maintaining visibility and accountability of all aspects of the contractor's activity. Upon
obtaining the HST Program's approval, the contractor's CM Plan shall be in force
throughout the life of this contract. As part of its monthly progress report, the Contractor
shall submit CM status.

1.3.1 Document Management

The contractor shall deliver in electronic format all required data, reports, presentation
materials and documentation to all identified HST Program elements, contractor
elements, and other HST Program partners. Document production and issuance shall
include original preparation as well as subsequent revision and maintenance through
contract completion.
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Prior to the end of the contract period, the contractor shall deliver to the Government all
contractor-utilized and contract-required documentation (including all engineering
drawings) developed by the contractor and its subcontractors under this contract. The
contractor shall include all documentation required to support nominal and off-nominal
post-servicing operations of the HST. The contractor shall document the process and
schedule for delivering the documentation in Configuration Management Plan (DRD
PM-33).

1.3.2 Photographic and Video Documentation

The contractor shall make a photographic record of the DM development and integration
from the time of the first major subsystem Preliminary Design Review forward. The
format for photographic documentation shall be as specified in the Data Requirements
Document. A video record of the DM shall be created to supplement photographic
documentation, especially during critical phases of hardware development and
integration. This video record shall be submitted as specified in the DM Data
Requirements Document.

1.4 Project Reviews

The contractor shall conduct reviews that measure and establish compliance with cost,
schedule and technical milestones, and demonstrate fulfillment of the contract
requirements. In addition to internal reviews considered necessary by the contractor,
several major Project-level reviews shall be conducted. The details and contents of these
major reviews are defined in the DM Data Requirements Document.

The major DM-level reviews required of the contractor are:

System Requirements Review (DRD PM-35)
Preliminary Design Review (PDR) (DRD PM-37)
Critical Design Review (CDR) (DRD PM-39)
Mission Operations Review (MOR) (DRD PM-40)
Test Readiness Review (TRR) (DRD PM-41)
Operations Readiness Review (ORR) (DRD PM-42)
Pre-Shipment Review (PSR) (DRD PM-43)

R Mo ap oW

The major reviews are to be formal, electronic-media-based, technically-oriented, and
conducted by the contractor for a review board composed of experts appointed by the
HST Program. Each review shall have a detailed review package, including references.
A preliminary version of the review package shall be provided electronically to the
Government three (3) working days in advance of the review. A formal presentation
shall be conducted using visuals that summarize the review package contents. Before the
contractor proceeds with preparation of each review package, the contractor and the HST
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Program shall mutually agree upon the review agenda and contents. All action items
shall be tracked to completion and the resolution and rationale recorded as part of the
closure.

Prior to the DM Preliminary Design Review (PDR), and Critical Design Review (CDR),
the contractor shall conduct reviews for each DM subsystem for which it is responsible,
as appropriate. The contractor shall provide the Government access to contractor
subsystem reviews.

The contractor shall support the HST Program during Project-Level Review Board
meetings and related reviews.

The contractor shall present the Monthly Status Report (DRD PM-02) at the monthly
status reviews at the contractor’s facility.

1.5 Travel

The contractor shall provide all necessary travel to implement the contract effectively.

1.6 Contract and Procurement Management

The contractor shall be responsible for traceability and reporting of all subcontractor cost
and scheduling data within the associated WBS elements to the level shown in the WBS
(Appendix B). The control of these data and reporting for WBS elements subcontracted
by the contractor shall remain the responsibility of the contractor.

The contractor shall ensure that all of the work performed under this contract is compliant
with current United States export control laws and regulations.

1.7 Risk Management

The contractor shall provide the risk management necessary to meet the requirements and
schedule of this contract within budget. The contractor shall implement strategies to
mitigate risks, and measure the effectiveness of the implemented strategies. The
contractor shall prepare and submit a Risk Management Plan (DRD PM-47).

The contractor shall define and implement the spares program necessary to minimize
schedule impact for the project created by failures, contamination, or by other plausible
events or conditions. In defining the spares program, the contractor shall consider the
reliability, handling, and environment of subsystems, components, and parts, and hence
the likelihood that these items may need to be replaced. The spares, in quantities to be
defined by the contractor, shall be qualified, tested, and calibrated as appropriate.
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1.8 Special Studies

The contractor shall perform special studies addressing scientific, programmatic and
engineering topics related to the DM architecture, design, manufacture, integration and
test, launch, and/or operations, as authorized by terms and conditions of the contract.

2.0 Systems Engineering

The contractor shall provide the personnel, equipment, and facilities necessary for all
required system engineering activities, including all aspects of DM performance, testing,
and evaluation. These activities include definition and allocation of system and
subsystem requirements, test and calibration, and preparation of analyses, plans, reviews
and procedures.

The system engineering effort shall address all considerations necessary for the
development of a DM that complies with the requirements described in Section C.0
above, including electrical, structural, mechanical, thermal, calibration, and data
subsystems, as well as interfaces within the DM and between the DM and HST and
between DM and EM.

The English measurement units shall be the project standard and shall be used throughout
the project. Engineering and manufacturing drawings using both English units and
International System of Units (SI units) units are acceptable for manufacturing purposes.
All units shall be clearly marked in all documentation.

The systems engineering effort includes understanding the customer’s requirements,
developing the operations concept, defining the DM system architecture, identifying,
managing, validating, and verifying requirements, defining and managing interfaces,
assessing environments, and maintaining technical budgets and margins.

2.1 Systems Engineering Management

The contractor shall define, implement and maintain a Systems Engineering Plan (DRD
SE-01). DRD SE-01 shall document the contractor's approach to performing DM
systems engineering and demonstrate a thorough understanding of project goals and
objectives, technical issues and requirements. The contractor shall ensure necessary
interaction within and among all HST Program, contractor, and subcontractor elements.
The contractor shall report systems engineering and technical issues as soon as they arise.
The contractor shall give the government complete access and insight into all DM
systems engineering and technical activities and meetings.

The contractor shall support the HRSDM Systems Engineering Board. This board will

include representatives from all of the organizations involved in the HRSDM Project.
The contractor's support shall include requirements definition and verification, and
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coordination of all aspects of the DM element. The Contractor’s systems engineering
effort shall be focused in the area of the contractor’s deliverables. However, since every
interface affects multiple systems, the contractor shall also support systems engineering
efforts in other areas, where appropriate.

The contractor shall participate in all HRSDM working groups, Integrated Product Teams
(IPTs), and project reviews.

The contractor shall prepare technical reports, responses to action items from design
reviews, issue and reissue reports, and prepare and manage technical memoranda.

2.2 Systems Engineering Design

2.2.1 Understanding the Requirements

The contractor shall analyze HRSDM requirements and identify driving requirements.
The contractor shall describe to the customer the impact of those requirements. The
contractor shall identify changes to requirements or baseline configuration that could
significantly reduce cost or risk or increase performance.

2.2.2 Operations Concept Development

The contractor shall develop a De-orbit Module operations concept that covers launch
through the controlled de-orbit of HST. This concept shall address launch, pursuit,
proximity operations, capture, docking, servicing, HST science, and HST disposal. The
operations concept shall include nominal and contingency plans.

2.2.3 Architecture Design and Development

The contract shall develop the architecture and design for the DM. The contractor shall
develop a top-level EM architecture and design in order to develop the DM/EM Interface
Control Document (ICD). The contractor shall coordinate its architecture definition and
design activities with other HST organizations, when appropriate. The contractor shall
document key trade studies.

2.2.4 Requirements Identification and Management

The contractor shall analyze the Requirements Document, and other applicable
documents, and derive and allocate lower-level requirements across the elements covered
under this contract. This includes flow-down of system requirements into software
functions and hardware implementations. The contractor shall provide the De-orbit
Module Specification (DRD DM-01), which documents the derived requirements.
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2.2.5 Interfaces and ICDs

The contractor shall participate in developing interface specifications and documentation
needed to ensure the design, development, integration, verification, and successful
operation of the DM. The contractor’s systems engineering activities shall include
elements and interfaces completely under the contractor’s control (e.g., de-orbit
propulsion), and elements and interfaces not completely under the contractor’s control
(e.g., rendezvous attitude control, the EM, GA, DR, ground segment). Examples of
required Systems Engineering efforts involving multiple HRV elements include: safe
modes, DM impacts to the HST Pointing Control System (PCS), DM illumination
impacts on HST during rendezvous and docking, DM impacts on HST scientific
instrument noise performance, DM impacts on HST operations, stray light (glint) control,
contamination control, and de-orbit operations. As part of the activity supporting the
development of the final ICD, the contractor shall work with NASA to determine the
final partitioning of functions between the DM and EM.

The contractor shall implement an overall interface configuration management and
control program. This program shall apply to elements totally under the contractor’s
control, and to elements to which the contractor’s deliverables interface. This shall
include interfaces to all associated ground support equipment (GSE), interfaces unique to
I&T, and launch site facility interfaces.

2.2.5.1 Specific DM to EM Interfaces

The DM contractor shall support the definition of the detailed interfaces between the DM
and the EM. In particular, since many actuators involved in orbit and attitude control
reside in the EM, the DM contractor shall play a major role in defining these interfaces
that are key to DM performance prior to the start of the servicing phase of the mission.

The DM contractor shall support interface definition with the EM by participation in the
definition of the DM to HST Interface Control Document (DRD SE-06) and the DM

to EM Interface Control Document (DRD SE-07). The HST Program will maintain
these documents at Level 2.

2.2.6 Mission Environments

The contractor shall design the DM to be compatible with the environmental
requirements in the Requirements Document.
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2.3 Systems Engineering Implementation
2.3.1 Validation and Verification

2.3.1.1 Validation

During the design phase, the contractor shall predict performance and perform trade
studies to validate that the chosen design meets the requirements.

The contractor shall establish requirements tracing to ensure that the higher-level
requirements flow to lower level requirements.

The contractor shall provide requirements tracking and verification data in AP233 format
(ISO 10303).

2.3.1.2 Verification

The contractor shall ensure that all requirements are verified.

The contractor shall submit the De-orbit Module Verification Plan (DRD DM-02) for

approval by the Government. DRD DM-02 shall document the requirement verification
plan for the DM System.

The contractor shall submit the DM Test and Verification Reports (DRD DM-04).
DRD DM-04 shall include results and analyses documenting compliance with
performance requirements and error budgets.

2.3.1.2.1 Models

The contractor shall develop, maintain, control and use the DM Math Models Data
Package (DRD SE-05) for purposes of pre-flight performance prediction, design
verification of all pre-launch and post-launch activities, and post-flight assessment. This
data package shall consist of files and description documents that represent the simulated,
as-built and verified performance of the integrated DM. DRD SE-05 shall also provide

the necessary traceability to all lower-level math models of elements, subsystems and
components.

All model documentation in DRD SE-05 shall be delivered in both electronic and paper
formats. All model data files in DRD SE-05 shall be delivered only in electronic format.

The HST Program intends to independently verify all math models used to satisfy the
verification requirements of mission-critical hardware or subsystems by analysis only
(i.e., without verification tests of the hardware or subsystem). All math models shall
facilitate the rapid evaluation of design changes and shall support requirement flow-down
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and verification. The integrated modeling capability shall be used to optimize design
margins and reduce costs.

As part of the monthly technical status report (DRD PM-02), the contractor shall provide
the status of its modeling activities. This shall include the results of trade studies,
requirements analyses, design verification analyses, model verifications, and the DM
Math Models Data Package (DRD SE-05) status. '

The contractor shall deliver the object and source codes, source code listings, and design
details, algorithms, processes, flow charts, formulae and related materials comprising
complete integrated models and descriptions. The contractor shall deliver comparable
models and documentation for all supporting lower-level elements, subsystems and
components used in the system models. The contractor shall deliver comparable models
and documentation for all test beds. These deliverables shall enable the HST Program to

reproduce, recreate, or recompile the software and reproduce, validate and refine system
analysis results.

2.3.1.2.2 Mission-Level Verification

The contractor shall support HRSDM mission-level systems analysis and requirements
verification, and coordinate its systems engineering activities with those of the HST
Program and the other HRSDM element providers.

2.3.2 Technical Resources Budget Tracking

The contractor shall generate electronic systems engineering databases that define DM
resource (e.g., mass, power, jitter) allocations and maintain DM configuration control.
The contractor shall develop and institute a contingency policy that includes a phased-
release plan for these resources as the design matures and is verified.

2.3.3 Technical Risk Management

The contractor shall perform a technical risk analysis of the DM element to identify
potential problems, the likelihood that, and timeframe in which the problems may occur,
and the severity and cost impact of the consequences if they occur. The contractor shall
define and implement a process that continually assesses the risks to the DM, determines
the relative threat of risks, implements strategies to mitigate significant risks, and
measures the effectiveness of these strategies.

The contractor shall develop, update and deliver the Fault Protection Requirements

Document (DRD SE-03) and the Fault Protection Description Document (DRD SE-
04). DRD SE-03 and DRD SE-04 shall govern all reliability analyses, fault tolerance
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requirement assessments, failure modes and effects analyses, and supporting engineering
analyses and/or assessments necessary to ensure HRSDM risk containment.

As part of its risk management activities, the contractor shall utilize formal risk
management processes (e.g., failure modes and effects analysis, fault tree analysis and
probabilistic risk assessments), and design-for-safety methodologies. The contractor
shall perform these activities for the elements they are responsible for under this contract
and support the HST Program in effecting risk management for the entire HRV, launch
and ground systems, and operations activities. Analyses performed as part of Technical
Risk Management shall be documented and delivered to the Government upon request.

3.0 Electrical System

The contractor shall develop the power system, command & data handling system, RF
communications system, and other electrical system components, such as harness,
necessary to meet the DM requirements as defined in Section C.0. Specific efforts
associated with the electrical system are below.

3.1 Electronic Parts and Radiation Effects

The contractor shall plan and implement an electrical, electronic, and electromagnetical
(EEE) Parts Control Program that complies with HRSDM Project Mission Assurance
Requirements (SMR-5000). Electronic parts selected shall be appropriate for the
mission and for the expected radiation environments.

3.2 Power System

As part of the power system design, the contractor shall perform the following analyses
and present the results at the CDR:

1) Energy Balance Analysis- The contractor shall perform a detailed energy
balance analysis for the power system. This analysis shall include a detailed
solar array model including temperature and degradation effects. This
analysis shall include a detailed battery modeling. This analysis shall include
a minute-by-minute loads analysis and the effect on battery and solar array
loading.

2) Stability Analysis- The contractor shall perform a detailed stability analysis
of the power system control. The analysis shall demonstrate that the control

system has adequate phase and gain margin.

3) Battery Cell Life Analysis- The contractor shall perform a detailed battery
cell life analysis to demonstrate acceptable mission life. The analysis will use
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life test data as available. The analysis may include cell life testing to
augment the analysis as necessary.

Solar Array Analysis- The contractor shall perform a shadowing/ hotspot
analysis to demonstrate the adequacy of the SA design over the yearly range
of sun angles and spacecraft orientations.

Power Bus Transient Analysis- The contractor shall perform a load fault
analysis to demonstrate the adequacy of the power distribution system.

Power Bus Distribution Analysis- The contractor shall perform a power
distribution analysis to verify adequacy of the power distribution system.

SA Life Test Analysis- The contractor shall perform a life test analysis for the
SA design to verify that the design requirements are met over the life of the
mission. It may be necessary to build and test a qualification board (q board)
to demonstrate the various new manufacturing technologies involved in the
design. It may be necessary to subject the q board to life cycle thermal testing
and/or thermal/vacuum testing to demonstrate acceptable mission life.

If the battery uses cells greater than 40 Ah, the contractor shall, by CDR, demonstrate cell
balancing circuitry and cell by-pass switches, or the contractor shall provide analysis that
demonstrates that their battery does not need these devices.

3.3 Command and Data Handling

The contractor shall perform the following C&DH analysis and present the results at the
.PDR and CDR:

1.

2.

Computer Processor utilization analysis. At time of CDR, the contractor shall
analyze and demonstrate less than or equal to 40% utilization.

Computer Memory utilization analysis. At time of CDR, the contractor shall
analyze and demonstrate less than or equal to 50% utilization.

Bus Bandwidth utilization analysis. At time of CDR, the contractor shall analyze
and demonstrate less than or equal to 40% utilization on all busses, both internal
and external.

Dedicated 1/0 utilization analysis. Dedicated I/O is defined as all C&DH 1/O that

‘is not communicated via a standard C&DH Bus, such as High Level Discrete

commands, Discrete Telemetry inputs, Analog Telemetry inputs, RS-422
interfaces, ... At time of CDR, the contractor shall verify at least a 25%
unutilized spare capability of each type of dedicated I/O function.
Non-volatile Memory Storage utilization analysis. If implemented, at time of
CDR, the contractor shall analyze and demonstrate less than or equal to 50%
utilization.
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3.4 Communications

The contractor shall design, analyze, develop and test the DM communications
subsystem compatible with the Ground Network (GN) and the Space Network (SN).

The contractor shall provide resources to support testing of the Communications
Subsystem (CS) for compatibility with the GN and SN.

The contractor shall also provide the technical information necessary for the creation of
an RFICD (Radio Frequency Interface Control Document) that describes all the RF
interfaces between the DM and each of the following: HST, EM, the GN, and the SN.

3.5 Electrical System Accommodations

The contractor shall provide an Electromagnetic Compatibility (EMC) Control Plan
(DRD SE-02) describing the overall approach and requirements of its electromagnetic
interference (EMI)/EMC control program.

The contractor shall develop and deliver all Electrical GSE (EGSE) necessary to support
HRYV integration and test.

4.0 Mechanical System

The contractor shall develop the structures, mechanisms, docking structure, and Ground
Support Equipment necessary to meet the DM requirements as defined in section C.0.

The contractor shall design the DM with consideration given to ease of access and
integration. After integration of the DM to the HRV system, all major components of the
DM, including electronics, sensors, actuators, thermal hardware (e.g., heat pipes), and
propulsion lines, shall be accessible for test, repair, and removal if required, with minimal
impact to the overall level of integration of the HRV. Accommodations such as GSE-
hinged doors, access panels, and the like shall be considered. Alignment critical
interfaces shall be pinned to allow for removal and reassembly.

The contractor shall provide detailed 3-D CAD models of the DM, including all
subsystem components, in a format compatible with the HRV overall assembly model per
Math Models Data Package (DRD SE-05). The contractor shall provide the model in
ProE or IDEAS format if available, otherwise STEP or IGES format is acceptable.

The contractor shall provide detailed structural analyses of the entire DM, including all
components. The analyses shall verify the structure in sufficient detail and to ensure the
capability to withstand and survive launch and ascent loads, including the Ejection
Module (EM) as an attachment to the DM via an appropriate separation ring arrangement.
NASA will provide a simplified EM model for this analysis. Finite Element Models,
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when developed, shall be delivered, along with associated documentation and correlation
tests as appropriate. The effects of any thermal inputs shall be reflected in the analyses as

appropriate. The structural analysis is described in Math Models Data Package (DRD
SE-05).

The contractor shall provide Mechanical Ground Support Equipment as developed, to
support integration and testing at the GSFC. MGSE that directly interfaces with flight
deliverable items shall be assembled and maintained to the same standards as the
deliverable flight items, especially calibration control and configuration management.
This information shall be documented. This shall include shipping containers. The
contractor shall deliver procedures for the use of the MGSE. The contractor shall provide
strength and stability analyses in support of safety documentation.

5.0 Thermal System

5.1 DM Thermal System Design

The contractor shall design the thermal control system (TCS) for the DM. It will design
all the DM spacecraft components within the operational and survival limits to insure
satisfactory operation of the DM.

5.2 DM Thermal Analyses

The contractor shall develop detailed Geometric Math Models (GMM) and Thermal
Math Models (TMM) of the DM. These shall be used to perform worst case thermal
analyses and verify the DM Thermal Control System (TCS) for all mission modes. In
addition, thermal analysis and design shall be performed at the box and board level.

5.3 DM Thermal Interface Requirements

The DM TCS shall be thermally independent of the EM and HST interfaces.

The EM or HST spacecraft shall not be used as a heat source or sink. Worst-case
conductive and radiative heat transfer between the EM spacecraft and the DM will be
defined by GSFC in an Interface Control Document (ICD).

The DM contractor shall supply a Reduced Geometric Math Model (RGMM) and a
Reduced Thermal Math Model (RTMM) to NASA/GSFC thermal per the requirements
stated herein. GSFC shall incorporate these models into the all-up observatory models
and perform thermal analyses as necessary to verify the DM design.

The contractor will define the worst-case conditions and deliver these design cases to
NASA/GSFC/HRSDM thermal team to review and verify.
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5.4 Design Verification

The contractor shall perform thermal vacuum and thermal balance testing to verify the
TCS meets all mission requirements. As a minimum, the contractor shall define the worst
hot and cold operational conditions and the worst hot and cold survival conditions for
review to NASA.

5.5 Thermal deliverables

The contractor shall provide a Reduced Geometric and Thermal Math Models (RGMM
and RTMM) to NASA one month prior to mission PDR, one month prior to mission
CDR, and 3 months prior to the start of HRV thermal vacuum/thermal balance testing.
The reduced Geometric Math Model (GMM) of the DM shall be provided to NASA in
Thermal Synthesizer System (TSS) with less than 100 (TBR) external surfaces. The
RTMM shall be in SINDA format with less than 200 (TBR) nodes. Thermal model
requirements are described in Math Models Data Package (DRD SE-05).

5.6 Thermal Model Criteria

The deliverable RGMM/RTMMs of the DM shall be correlated to the detailed thermal
models within 2°C for critical node/components.

Additional documentation required as deliverables:

Test plans, verification matrixes, test report (correlated to between 2 and 5 degrees
Celcius with test data).

5.7 DM Thermal Testing

The DM shall be fully flight qualified prior to integration with the EM .

All components shall be tested in thermal vacuum prior to DM integration in accordance
with GEVS. The DM will conduct hot/cold thermal cycles at qualification levels and
hot/cold and survival thermal balance (shall be performed as an assembly prior to
Observatory delivery to GSFC) as per GEVS. As a minimum, the contractor shall
conduct two hot starts, two cold starts, 4 hot soaks, 4 cold soaks, worst hot nominal
mission case, worst cold nominal mission case, and worst cold survival case.

6.0 Guidance, Navigation, and Control
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6.1 GN&C Systems Engineering

The contractor shall design the GN&C system for the DM. The GN&C system design
shall be capable of meeting DM GN&C requirements during all phases of the mission.
The contractor shall develop a GN&C Planning Document (DRD GNC-01) that shall
include a navigation plan, a control plan, an autonomy plan, an abort plan as well as a

description of the fault detection, isolation, and recovery approach as relevant to capture
aborts.

The contractor shall develop and deliver documentation for all GN&C-related interfaces
between the EM and the DM including the interface for the command, control, and

monitoring of EM propulsion and actuation systems as part of the DM/EM ICD (DRD
SE-07).

The contractor shall provide estimates of DM Mass Properties (DRD GNC-03).

The contractor shall provide hardware performance specifications for all DM GN&C
components and all components specified by the contractor for the EM. GN&C
Hardware Specifications (DRD GNC-04)

The contractor shall perform all analyses and GN&C systems engineering required to
allocate (from system and subsystem requirements) and identify GN&C requirements in
accordance with the GN&C Requirements Specification (GRS) (DRD GNC-21). All
requirements shall be forward and backward traceable between system and GN&C
requirements and between software requirements, design, and test.

The Requirements phase shall be concluded when the contractor has responded to all
action items from the successful SRR.

GN&C design (preliminary and detailed) shall be subject to peer review by design walk-
throughs. Inclusion of all GN&C requirements shall be assured. HST Program
representatives may attend these reviews at their discretion. Action items shall be tracked
by the contactor through completion.

The Preliminary Design phase shall be concluded when the contractor has responded to
all action items from the successful PDR. The Detailed Design phase shall be concluded
when the contractor has responded to all action items from the successful CDR.

The contractor’s testing approach and methodology shall be documented in the GN&C
Test Plan (DRD GNC-17). All phases of the GN&C testing, from informal routine and
function tests through the Acceptance Tests shall be carried out conforming to the
documented plan. Detailed testing procedures shall be captured and maintained in the
GN&C Test Procedures and Results (DRD GNC-18). Electronic versions of test
results shall be accessible to the government. Final GN&C Acceptance Tests shall be

documented, verified and validated through the GN&C Acceptance Test Report (DRD
GNC-19).
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The contractor shall support their internal V&V representatives. Support shall consist of
providing assistance in preparing and conducting tests, evaluating and interpreting test
results, analyzing problems identified during testing, and accessing software and
facilities.

6.2 Attitude Determination and Control System (ADCS)

The contractor shall design, build (or procure), and deliver all necessary component
hardware to ensure that the ADCS meets all applicable requirements. The contractor
shall deliver mathematical models of each component in accordance with DRD SE-05.

The contractor shall develop and implement the flight software for attitude determination
and control. The contractor shall deliver the flight software documentation and releases
per the schedule and instructions established in the Flight Software Section. The
contractor shall also deliver high-level simulators of the ADCS in accordance with
Subsystem High-Level Software Simulator(s) (DRD SW-18).

The contractor shall deliver an error budget and performance analysis for attitude control
during all phases of the mission for which DM is responsible for the attitude control per
ADCS Performance Analysis (DRD GNC-05).

6.3 Trajectory Design

The contractor shall deliver a Trajectory Analysis and Maneuver Planning Document
(DRD GNC-06).

6.4 Absolute Orbit Determination

The contractor shall design, build (or procure), and deliver all necessary component
hardware to ensure that absolute orbit determination meets all applicable requirements.

The contractor shall deliver mathematical models of each component in accordance with
DRD SE-05.

The contractor shall develop and implement the flight software for absolute orbit
determination. The contractor shall deliver the flight software documentation and
releases per the schedule and instructions established in the Flight Software Section. The
contractor shall also deliver high-level simulators of the Orbit determination system in
accordance with DRD SW-18.

The contractor shall deliver an error budget and performance analysis for orbit
determination during all phases of the mission for which DM is responsible for orbit
determination per Orbit Determination Performance Analysis (DRD GNC-07).
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6.5 Propulsion

The contractor shall design, build (or procure), and deliver all necessary component
hardware to ensure that the Propulsion System meets all applicable requirements. The

contractor shall deliver mathematical models of each component in accordance with
DRD SE-05.

The contractor shall develop and implement the flight software for operation of the
Propulsion System. The contractor shall deliver the flight software documentation and
releases per the schedule and instructions established in the Flight Software Section. The

contractor shall also deliver high-level simulators of the Propulsion System in accordance
with DRD SW-18.

The contractor shall perform a comprehensive design analysis of the propulsion system
that includes, as a minimum, design trades and options, performance of the chosen
design, component layout, component specification and heritage information, and
propellant budget analysis per Propulsion Design Analysis (DRD GNC-08).

The contractor shall deliver a propulsion system fluid analysis including plume
impingement effects, slosh, pressure drop and waterhammer (surge pressure) per
Propulsion Fluid Analysis (DRD GNC-09).

The contractor shall deliver a Propulsion System Structural Analysis (DRD GNC-10).

The contractor shall deliver a Propulsion System Thermal Analysis (DRD GNC-11).

6.6 Relative Navigation and Control System

The contractor shall design, build (or procure), and deliver all necessary component
hardware to ensure that the Relative Navigation and Control System meets all applicable
requirements. The contractor shall deliver one engineering test unit; with identical form,
fit, and function to the flight unit; for each sensor. The contractor shall deliver
mathematical models of each component in accordance with DRD SE-05.

The contractor shall develop and implement the flight software for operation of the
Relative Navigation and Control System. The contractor shall deliver the flight software
documentation and releases per the schedule and instructions established in the Flight
Software Section. The contractor shall also deliver high-level simulators of the Relative
Navigation and Control System in accordance with DRD SW-18.

The contractor shall deliver an error budget and performance analysis for the relative

vehicle control system to be used during the pursuit, proximity operations, and capture
phases per Relative Control Performance Analysis (DRD GNC-12).

Page 28 of 51



NNGOSEAO01C
Attachment A

The contractor shall deliver an error budget and performance analysis of the relative
navigation system to include Monte Carlo simulation of the relative navigate state
estimation process with realistic sensor error characteristics. This analysis shall also
include an assessment of the performance of the sensors in all probable lighting
conditions per Relative Navigation Performance Analysis (DRD GNC-13).

The contractor shall deliver analysis of the interaction between the motion of the robotic
(grappling and servicing) arm and the motion of the HRV and the HRV/HST combined
vehicle respectively per Coupled Motion Analysis (DRD GNC-14).

The contractor shall deliver analysis of the plume impingement on HST and the effect on
the HST system motion per Plume Impingement Analysis (DRD GNC-15).

All software packages must accommodate all vehicle configurations (DM+EM,

HST+DM+EM, DM+HST) and mission phases for which DM hosts the vehicle control
software.

7.0 Flight Software
7.1 Software Definitions

7.1.1 Flight Software Element

Flight Software (FSW) for the DM/EM is embedded real-time software and includes
flight firmware found in the on-board microprocessor(s) and embedded in the various
spacecraft hardware subsystems. Some of the functions provided by the FSW are: real-
time operating system (may be COTS), time management, guidance, navigation, and
control for multiple mission phases and spacecraft configurations, Relative sensor suite
processing, telemetry monitoring, command storage and metering, spacecraft internal
communication bus control, failure detection and correction, bulk memory management,
and ground operations interface. Flight Software also encompasses all non-deliverable,

on-board microprocessor(s) software used in support of testing the Flight software
Element.

The contractor shall treat the software component of firmware, which consists of
computer programs and data loaded into a class of memory that cannot be dynamically
modified by the computer during processing (including programmable read-only
memories (PROMs), programmable logic arrays, digital signal processors, Field

Programmable Gate Arrays (FPGAs), etc.) as flight software for the purposes of this
SOW.

Likewise, for any autogenerated software from databases, models or other sources, these
sources as well as the autogenerated code shall be considered Flight Software for the
purposes of this SOW.
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The contractor shall be responsible for and deliver the complete FSW image in the DM.
The contractor shall deliver a FSW image for the EM, common to the DM below the
application level, to which government-supplied application programs can be easily
added by the government. The contractor may contribute GN&C and other applications
to the EM. Data and commands passed between the DM and the EM shall be as specified
in the Flight Software ICD as part of the Software Requirements Specification (DRD
SW-04). Based on the contractor’s DM/EM ICD (DRD SE-07), the contractor shall
specify the portions of the EM FSW to be developed and validated by the Government.
For all DM and EM FSW delivered by the contractor, the FSW DRDs shall be applicable.

7.1.2 Software Development and Validation (SDV) Software Element

Software Development and Validation software for the DM/EM supports the
development and test of the Flight software. It includes host development computer
operating systems, high-level language compilers and debuggers, autocode generator
software systems, machine language emulators, and test scenarios and procedures. It
includes the software in the HRV simulators that models the sensors, actuators, and
attitude environment and dynamics. It also includes development support software such
as document and code configuration management systems.

7.1.3 Software Criticality Classification

All DM/EM software within the Flight and SDV Elements shall be classified as
belonging to one of the following criticality classifications and managed accordingly:

(a) "Mission critical" software is all software whose failure will cause permanent loss of
the ability to successfully service and de-orbit the HST. Included in this classification
shall be all DM/EM Flight software and firmware plus the ground software necessary to

verify the correctness of the flight software (e.g., sensor, effector, and dynamics model
software).

(b) "Mission support" software is any software whose failure can impair any part of the
mission. Recovery from failure of this class of software results in recovery of the ability
to service and de-orbit the HST.

(c) "Engineering analysis" software is that software used in engineering analysis and
simulations on an as-needed basis.

(d) "Commercial" software includes facility computer operating systems, software
packages (e.g., mathematics packages, graphics packages), and high-level-language
compilers employed in developing and maintaining software components. Commercial
software that is acquired for integral use within planned operational elements shall be
assigned a criticality equal to that of the element of which it is a part.
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7.1.4 Software Types

All DM/EM software within the Flight and SDV Elements shall be classified as
belonging to one of the following types and managed accordingly:

(a) "Developed" software - This is all software developed in accordance with the full life
cycle as defined in the contractor’s Software Management Plan.

(b) "Reuse" software - This is any software that has been developed by previous projects
which can be used in significant portions to reduce development cost or improve
reliability of current projects.

(c) "Heritage" software - This is any Reuse software which has not only been previously
developed, but which has been successfully flown (Flight Software Element), or
successfully used for an equivalent Project (SDV Element).

(d) "Off-the-Shelf (OTS)" software - This includes any software purchased from a
vendor including embedded run-time systems, data- base systems, mathematics and
graphic packages, compilers, operating systems, etc.

7.1.4.1 Commercial-, Modified-, and Government-Off-the-Shelf (COTS, MOTS and
GOTS) Software

Commercial-Off-the-Shelf (COTS) software - Software that is sold, leased, or licensed to
the general public, either as a stand alone software product or embedded in a software
system.

Modified-Off-the-Shelf (MOTS) software - COTS software that is modified to meet
unique requirements of a specific customer. This software requires ongoing unique
maintenance for the life of the system not normally offered by the vendor.

Government-Off-the-Shelf (GOTS) software - Software provided to the customer as GFE
with no warranty or maintenance provided.

For all OTS software that is integral to Mission Critical software, the contractor’s
software purchase agreements with product vendors (or the Government, as applicable)
shall include delivery of the OTS source code with the product and any upgrade
purchased or received.

This section does not pertain to Commercial Off-the-shelf (COTS) software that is an
integral part of any unmodified commercial test equipment used on the HRV program.

The contractor may choose to use OTS software to satisfy all or part of its requirements

as long as the requirements below are met, and details are provided in the contractor’s
Software Management Plan.
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7.1.4.1.1 COTS, MOTS and GOTS Trade Studies

The selection of an OTS product is both a technical and financial decision. Before trade
studies are begun, all of the requirements relative to the application for which OTS
products are to be considered shall be gathered and divided into categories ranging from
“Must meet” to “Nice to have”. For Mission Critical software, any deficiencies shall be
corrected by the vendor, third party, or contractor.

Trade studies shall include, at a minimum, compatibility with other system elements,
hardware and software interfaces, certification costs, cost of “wrapper” or “bridge”
software, full life cycle costs, costs for special risk mitigation actions (see next section),
vendor support agreements, other direct and indirect costs or benefits attributable to the
use of the OTS product, and custom developed alternatives.

The government shall approve the use of an OTS product.

7.1.4.1.2 COTS, MOTS and GOTS Risk Mitigation

If an OTS product is to be used in a software system, the risk of its use shall be reflected
as an element of the Risk Management Plan (DRD PM-47). The contractor shall
mitigate this risk through actions such as escrowing the source code and extending the
vendor’s customary product support life-cycle.

7.2 Software Management, Requirements, Development, Verification, and Testing

The contractor shall document their software management approaches and processes for
software analysis, design, development, documentation, version control, test, validation,
risk management, and assurance of all software products in the Software Management

Plan (SMP) (DRD SW-01) document, delivered with the proposal. The contractor shall
adhere to the SMP as approved by the government.

The contractor shall delineate the plan for deliveries of software, documentation, and test
facilities (see section 7.7 for the description of the three deliverable test facilities. The
plan shall be documented in the Software Delivery and Operations Transition Plan
(DRD SW-02) delivered with the contractor’s proposal, and will be subject to approval
by the government. Also included in this plan is a summary of the contractor’s
recommended procedure for the government’s incorporation and validation of additional
FSW application programs into the delivered EM FSW image.
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7.2.1 Planning and Requirements Life Cycle Activities

In the Software Development Activities Plan (DRD SW-03), the contractor shall
describe their processes and activities used in the development and testing of the various
types of software being acquired, acknowledging the fact that not all software has the
same criticality level or process requirements (reference the classification requirements in
sections 7.1.3 and 7.1.4.

The contractor shall perform all analyses and software systems engineering required to
allocate (from system and subsystem requirements) and identify software requirements in
accordance with the Software Requirements Specification (SRS) (DRD SW-04). All
requirements shall be forward and backward traceable between system and software
requirements and between software requirements, design, and test.

The Requirements phase shall be concluded when the contractor has responded to all
action items from the successful Software Requirements Review (SWSRR) per Software
Review Packages (DRD SW-15).

7.2.2 Design Life Cycle Activities

The contractor’s Flight Software Manager shall have delivered to him or her one or more
Algorithm Design Documents (ADD), in accordance with DRD SW-05, for DM/EM
subsystems contributing requirements to the Flight software. DM Subsystem managers
shall be responsible for delivering accurate algorithm requirements in a timely manner
such that the Flight software deliverable schedule based on these algorithms can be met.

Software design (preliminary and detailed) shall be subject to peer review by design
walk-throughs. Inclusion of all software requirements shall be assured. Government
representatives may attend these reviews at their discretion. The contactor shall track
action items through completion.

The contractor shall deliver the Software Design Document (DRD SW-06). The
Preliminary Design phase shall be concluded when the contractor has responded to all
action items from the successful Software Preliminary Design Review (SWPDR) per
Software Review Packages (DRD SW-15). The Detailed Design phase shall be
concluded when the contractor has responded to all action items from the successful
Software Critical Design Review (SWCDR) per Software Review Packages (DRD SW-
15).

The contractor shall deliver the Software User and Maintenance Manual (DRD SW-
11), and the Software Development and Validation Facility User’s Manual (DRD
SW-13).
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7.2.3 Implementation and Delivery Life Cycle Activities

The contractor’s testing approach and methodology shall be documented in the Software
Test Plan (DRD SW-07). All phases of the software testing, from informal routine and
function tests through the Acceptance Tests shall be carried out conforming to the
documented plan. Detailed testing procedures shall be captured and maintained in the
Software Test Procedures and Results (DRD SW-08). Electronic versions of test
results shall be accessible to the government. Formal Software Tests shall be
documented, verified and validated through the Software Test Report (DRD SW-09).

Each CSU shall be unit tested by its developer as part of implementation. A software test
above the CSU level shall not be developed or performed by the same individual who
developed the code under test.

The contractor shall subject each CSU to code reading review by cognizant developers
other than the CSU author and a Software QA representative. The code reading shall
verify that each CSU is in compliance with the documented and approved programming
practices, conventions, and standards, as well as assuring it meets both its intended
requirements and design. Government representatives may attend these reviews at their
discretion. The contractor shall track action items through completion.

The contractor shall perform regression testing prior to version releases to ensure the
integrity of existing software. With each delivery of verified and tested software (Flight
Software Release DRD SW-19), the contractor shall concurrently deliver a Software
Version Description Document (VDD) (DRD SW-10).

The purpose of the Software Test Readiness Review (SWTRR) per Software Review
Packages (DRD SW-15) shall be to assess whether the contractor has adequately
prepared for formal software acceptance testing to include, at a minimum, the check-out
of test procedures, test cases, and requirements traceability. With this phase of testing, the
contractor shall prepare for formal monitoring of software testing by QA, the contractor's
System staff, and government personnel to include the NASA IV&V staff. Upon
successful completion of this phase of testing, the contractor shall close out all action
items and prepare for formal delivery of the software.

The contractor shall support their internal V&V representatives. Support shall consist of
providing assistance in preparing and conducting tests, evaluating and interpreting test
results, analyzing problems identified during testing, and accessing software and
facilities.

The Flight Operations Team and HRSDM Project FSW Development/V&V Team (see
section 7.4.2) shall be trained by the contractor in the usage of the Flight Software, the
FDVF, and the HRV Training Simulator (reference section 7.7). Instructional classes
shall be provided, along with Training Materials (DRD SW-17).
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The contractor shall deliver any software models or programs used to simulate, analyze,
and predict the performance of Flight Software algorithms. Examples of such programs
are the Attitude Determination & Control Simulator used by the GN&C subsystem
analysts to develop the algorithm requirements (DRD SW-04) and whose output is used
to validate actual Flight software output. The format of these deliverables shall be as
specified in the Subsystem High-Level Software Simulator (DRD SW-18).

The contractor shall validate certain Flight software requirements through HRV 1&T
testing which includes, but is not limited to, assuring correct polarity, phasing,

mechanism direction and symmetry, index positions, gains, scale factors, and some
failure detection and correction actions.

The contractor shall ensure that both functional and performance test procedures, which
execute the DM/EM flight hardware and flight software in all modes and configurations
for which the contractor is responsible, are thoroughly exercised. These tests will be used
to verify performance during initial integration, environmental testing, pre-ship at the
spacecraft integration facility, post-ship at the launch facility, and on the launch vehicle.
These tests shall be designed to execute as much of the flight software code and data as is
possible in a 1-g environment.

Once selected and approved by the Project, the default and baseline values for tables and

parameters used in the Ground Test software and Flight software shall be placed under
CM control.

The Acceptance phase shall be concluded when the contractor has delivered the software
and responded to all action items from the successful Software Acceptance Review
(SWAR) per Software Review Packages (DRD SW-15).

7.2.4 Pre-Launch Sustaining Engineering through De-orbit Activities

Key members of the contractor’s Flight software development team shall be designated to
provide continued test and maintenance coverage of software following its delivery to the
Spacecraft Integration and Test Team, Flight Operations Team, and the Project V&V
Team. The same level of testing, V&V, QA, and Configuration Management (CM)
monitoring that existed prior to the S/W Acceptance Review shall be applied during the
generation of additional software releases or patches if they are required.

The contractor shall be responsible for anomaly resolution and the delivery of software
modifications involving their delivered Flight and SDV software for the DM/EM through
the end of the HST check-out following the Servicing Mission. The contractor shall be
responsible for anomaly resolution and the delivery of software modifications involving
their DM Science Operations and De-orbit software through the end of HST’s mission.

The contractor shall deliver copies of the Software Development Files (DRD SW-14)
for any EM flight software delivered.
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7.3 Software Management Requirements

7.3.1 Software Management Organization

The contractor’s organizational structure shall exhibit a managerial independence
between the software development and V&V components.

The contractor’s program organization (Org chart) shall recognize the system level
aspects of flight software by its position with other DM subsystems. The contractor shall
demonstrate that the software has a high level of independence and visibility within the
management structure.

7.3.2 Resource Estimation and Allocation

Resource planning for the software elements shall include the contractor's participation in
various technical working groups and interface meetings that relate to software, and
support of NASA IV&YV, as defined in section 7.4.1.

The contractor shall be solely responsible for the management of any sub-contractors or
team members. The contractor shall be responsible for acquiring and including Software
Measures (Metrics) from any sub-contractors or team members.

7.3.3 Software Measures (Metrics)

The contractor shall collect and report software measures supporting the analysis of both
software product quality and schedule/effort/cost performance. The collection and
reporting of metrics shall be automated to the fullest extent practicable. Measures shall
be provided to the Project both as raw data and in graphical form. Software Measures
Report (DRD SW-16) lists the minimum set of required measures.

7.3.4 Formal Software Reviews

Formal reviews (in accordance with the DPRD SW-15) shall be conducted with
Government participation. The HST Program Software Manager shall be a co-chair with
the contractor. The Government shall provide a description of the review’s success
criteria at least one month in advance, and shall reserve the right to require a delta review
if success criteria are not met.
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7.4 Government Insight and Support of Government FSW Development

This section defines Government access to Flight Software documentation, data, and

analysis to allow appropriate insight of development effort, including the NASA IV&V
interface.

All contractor, sub-contractor, and team member reviews, audits, meetings and other
activities pertinent to the execution of the contract shall be open to Government
review/attendance. The contractor shall provide the Government with reasonable and
timely notification, to facilitate Government attendance in person, by telecon, or by
videocon. Other government HRV contractors may also attend these reviews, audits, and
meetings at the government’s discretion.

DRD documentation shall be accessible to the HRSDM Project via a web-based system
with firewall and account/password protections.

7.4.1 NASA IV&YV Support

The contractor shall ensure that all software documentation and code required for the
NASA Software Independent Verification and Validation (IV&V) effort is made
available to NASA IV&V personnel. Where electronic/web-based access to information
is available to the HRSDM Project, the contractor shall also make access available to
NASA IV&V. The contractor shall allow NASA IV&YV review and participation before
final product delivery to the government. The contractor shall respond to formally
delivered issues from IV&V that are delivered from the HST Program’s IV&V Liaison
(typically the HST Program Software Manager).

7.4.2 HRSDM Project EM FSW Development and V&V Support

The contractor shall support the government’s generation of the completed EM FSW
image from the delivered contractor’s EM image. The contractor’s support shall consist
of the deliverable documentation and training in the use of the software development
environment, SDV software, and FDVF, as well as assisting with the evaluation and
interpretation of FSW anomalies. The government may submit Software Problem
Reports into the contractor’s Software Problem Reporting system.

Beginning late in the Software Integration and Test Phase, the contractor shall begin
supporting the independent system level testing performed by the HRSDM Project’s
V&V Team. This group will develop and execute their own system level tests on the
contractor-delivered FSW Development & Validation Facility (FDVF). The contractor’s
support shall consist of assisting with the evaluation and interpretation of test results
when requested, as well as with the analysis of software problems identified.
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7.5 Software Maintenance

The contractor shall develop and maintain the DM Flight software and documentation to
ensure reliability, maintainability and operability, along with the environments,
emulators, and test software necessary to develop and verify these systems through the
end of the HST mission.

7.6 Software Development, Validation, and Maintenance Environment

A software development, validation, and maintenance environment shall be used for the
life cycle management of the DM/EM Flight Software and associated ground operational
software. This environment shall contain the software, databases, compilers, debuggers,
emulators, tools, and procedures/test scripts necessary to perform software management,
design, development, local configuration management, testing, debugging, integration,
verification & validation, maintenance, and preparation of software images in a format(s)
suitable for both loading in a ground test configuration and uplinking to HRV. This
includes a complete test environment to validate any Flight Software modifications. Also
included in this environment is the test bed facility used for real-time, closed loop testing
on flight-like hardware (see next section). The software portion of this environment shall
be a deliverable in accordance with the Software Development and Validation
Software Releases (DRD SW-21).

The contractor shall provide a Ground Reference Image of the executable code in PROM
and EEPROM (if applicable) on the spacecraft as well as the Flight Software in use on
board at acceptance, should they be different (i.e., any patches or operational uploads
required to get to the acceptance baseline).

7.7 Software Development & Validation Facility (SDVF)

The contractor shall provide all resources necessary to develop, certify, and maintain the
real-time closed loop test bed facility. The SDVF (test bed facility mentioned in 7.6)
consists of the hardware and software systems used to accurately simulate the on-board
HRYV environment in which the Flight Software will operate. The test bed shall contain
engineering model (h/w) units of necessary flight hardware (including the flight
microprocessor) as well as dynamic software models comprising the remainder of the
HRYV and the necessary on-orbit environment. The SDVF shall also contain the same
ground system that is used for the HRV Integration & Test program. The SDVF shall be
certified and delivered (in place) to the contractor’s flight software team for flight
software testing and V&V.

Two additional exact copies of the SDVF shall be developed, certified and delivered by
the contractor. The FSW Development & Validation Facility (FDVF) shall be delivered
to the government for development and validation of EM FSW applications and Flight
Software Project V&V. Another copy (called the HRV Training Simulator) shall be
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delivered to the Operations Control Center (OCC) to act as a spacecraft simulator for
OCC software checkout, HRV command procedure checkout, and Flight Operations
Team training. See the additional requirements for the SDVF/FDVF/Training Simulator
in the Requirements Specification. The contractor shall provide the
SDVF/FDVF/Training Simulator Specification (DRD SW-23) and
SDVF/FDVV/Training Simulator Drawings, Wiring, and Parts List (DRD SW-24)
for long-term maintenance.

The contractor shall be responsible for maintenance of the special hardware (non-
commercial such as C&DH avionics and power supplies) in the three facilities for the
duration of the HRV mission (through HST de-orbit). The HST Program shall be
responsible for any commercial hardware (e.g. workstations, bus monitors) in the FDVF
and Training Simulator beginning when HST science operations resume following
servicing.

8.0 Integration, Test, and Verification

8.1 System Assembly and Integration

The contractor shall perform the effort necessary to integrate and validate all DM flight
hardware and software and verify all requirements applicable to them. The DM shall be
integrated with all its component flight hardware and its functionality shall be verified
prior to environmental testing. The contractor shall provide for rework and retest of the
DM components that it supplies as part of this contract. The contractor shall provide all
resources required for DM Assembly and Integration.

8.2 System Test

The contractor shall examine and analyze the verification requirements delineated in the
HRSDM System Verification Plan (TBD) and other applicable documents to define the
tests and analyses needed to verify DM-specific requirements. The contractor shall
determine the resources needed, develop schedules, develop and execute test plans and
procedures, accumulate, reduce, and manage test data, prepare and document predicted
test results, develop pass/fail criteria, prepare test summary reports, document anomalies,
and assign, track and document closure of action items. The contractor shall make
necessary changes to DM designs and operational procedures as a result of the tests and
analyses performed. Test data shall be archived. Test data shall be made available to the
Government upon request.

The DM I&T plans, procedures and schedules shall be documented in the DM I1&T Plan
(DRD DM-03) and provided to the HST Program for approval prior to their
implementation. Subsequent to Government approval, the contractor shall implement the
plan described in DRD DM-03 and qualify the DM. The contractor shall conduct and
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document a DM Test Readiness Review (TRR). The contractor shall provide the Test
Readiness Review (TRR) Package (DRD PM-41), and the DM Test and Verification
Reports (DRD DM-04).

The DM contractor shall provide the DM Ground Test Set (DMGTS) as described in
section 13.3 for DM and mission I&T. This version will be a subset of the complete
ground system and will include all the functionality of the flight-operations ground
system applicable to mission-level I&T. The test conductors will support the contractor’s
integration of test procedures into the ground system. The contractor shall be responsible
for integration of the test procedures into the ground system. The contractor shall provide

all additional resources required to support the DM-specific aspects of DM and mission
I&T. :

The contractor shall manage and coordinate the resolution of problems or anomalies that
affect the DM elements for which it is responsible, and report to the HST Program those
problems or anomalies that it identifies in any other HST or HRSDM element and that
could adversely affect the system. The contractor shall create and maintain an anomaly
tracking and resolution system that is remotely accessible. Anomalies occurring during
DM Integration and Test (I&T) shall be entered into this system and reported as they
occur.

8.3 Mission-Level I&T

The contractor shall support the overall HRSDM Integration and Test phase that is
expected to take place at the NASA Goddard Space Flight Center. The DM and all
supporting equipment shall be delivered to the NASA GSFC, and personnel support
provided during the HRSDM I&T activity. Launch support shall be provided at the
launch site, as appropriate. The DM contractor shall provide a DM 1&T Manager who
will serve as the single point of contact for DM-specific I&T matters. This DM I&T
Manager shall interface primarily with the HST Program HRSDM I&T Manager.

The contractor shall examine and analyze the requirements delineated in the DM
Specification (DRD DM-01) and other applicable documents, and define the tests and
analyses needed to verify these requirements at the mission level. The contractor shall
participate in determining the resources needed, develop schedules, develop and execute
test plans and procedures, accumulate, reduce, and manage test data, prepare and
document predicted test results, develop pass/fail criteria, prepare test summary reports,
document anomalies. The contractor shall assign, track and document closure of action
items that are appropriate for its DM team.

The contractor shall provide the effort necessary to participate in mission I&T. The
contractor shall make necessary changes to DM designs, I&T procedures and operational
procedures as a result of the tests and analyses performed. The contractor shall provide
the DM Test and Verification Reports (DRD DM-04) to document the Level 3 (DM)
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verification. Test data shall be archived. Test data shall be made available to the
Govemment upon request.

8.3.1 DM to EM and HST Interface Tests

The contractor shall support three electrical and two mechanical interface tests prior to
mission-level flight integration. These interface tests shall utilize breadboard and
engineering test units to verify proper operation of EM and HST interfaces. These tests
will be held as early as practical, at a time mutually agreeable to the contractor and

NASA, so that there is sufficient time to correct problems uncovered by the test prior to
mission-level integration.

8.3.2 DM Simulators

The contractor shall design, fabricate, test, and deliver a DM electrical simulator for use
in EM development and HST operations. The contractor shall maintain, update, and
support the operations of this simulator. The contractor shall deliver the DM Electrical
Simulator User’s Manual (DRD DM-15). The design of the simulator shall be
documented in the DM Electrical Simulator Design Document (DRD DM-16).

The contractor shall design, fabricate, test, and deliver a thermal-mechanical DM
simulator. The contractor shall maintain, update, and support the operations of this
simulator. The contractor shall deliver the DM Thermal-Mechanical Simulator User’s
Manual (DRD DM-08). The design of the simulator shall be documented in the DM
Thermal-Mechanical Simulator Design Document (DRD DM-09).

The Contractor shall provide a DM Simulator that provides the hardware and software
necessary to produce all data types that the DM will transmit and provide appropriate
responses to commands sent via the contractor Provided DM Test System. The system
shall have the fidelity needed to verify the DM Test System and to train HST Operations
Personnel for the Robotic Servicing Mission. The contractor shall provide 2 early
versions of the Simulator to GSFC to support HST Ground System Integration and
Testing. The contractor shall provide updates to the systems at GSFC during the DM
development phase to meet GSFC Flight Hardware and Ground System Development
and Test efforts. The contractor shall provide a simulator with the fidelity needed to train
HST Operations Personnel for the Robotic Servicing Mission 18 months prior to the SM
Launch Date. The DM contractor shall provide support to the HST Program for
integrating the above system into the HST Ground System.

9.0 Mission Assurance
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The contractor shall maintain a documented Mission Assurance Program. The program
shall meet the requirements identified in HRSDM Mission Assurance Requirements
SMR-5000.

The mission assurance program shall have sufficient staff and facilities to provide the
required quality and reliability engineering, parts engineering, system safety, and
materials control for the fabrication, integration, contamination control, calibration, and
verification testing (including project test plans and environmental test plans) of the DM.

The contractor shall provide DM-experienced QA personnel resident at GSFC on

delivery of the DM. The personnel will function as part of the HST quality team through
launch.

The contractor shall provide the Government and its support contractors access to the

reports, analyses, notebooks and working papers of the staff performing the analyses and
assessments required by the HRSDM MAR.

10.0 Launch Support

NASA will provide standard payload processing facilities and services as GFE.

The contractor shall be responsible for technical and managerial integration with the HST
Program of all DM aspects of the launch site activities. The launch site activities include
HRYV transportation at the launch site, HRV processing, testing, HRV/launch vehicle
1&T, and launch. This work includes the design, manufacture and certification of any

needed GSE. The HST Program is responsible for the overall management and conduct
of the launch site activities.

The contractor shall participate in defining, implementing and maintaining a HRSDM
Launch Site Plan describing how the HST Program will conduct operations at the
launch site for HRV processing, launch vehicle integration and testing, and launch. The
contractor shall develop and implement detailed procedures for DM launch site tests,
handling and launch, and shall supply the necessary operations procedures to the HRV
Ground System for use in launch support. The contractor shall support Flight Readiness

Reviews (FRRs) with engineering and management data that ensure the HRV is ready for
flight.

The contractor shall plan for enabling the HST Program to conduct the Launch
Operations Readiness Test and the Flight Operations Readiness Test using, as
practicable, the full HRV Ground System.

The Government will provide the transportation of the HRV (including required GSE and
GFE) from the mission I&T facility to the launch site. The contractor shall develop DM-
specific transportation requirements, plans and procedures. The contractor shall
document this effort in the DM and GSE Transportation Plan (DRD IT-02).
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11.0 HST Interface

11.1 HST Battery Augmentation

The contractor shall include within the DM the necessary power conditioning circuits,
battery capacity, harnessing, and connectors to interface to HST and augment the HST
batteries as specified in the DM requirements as defined in section C.0. The contractor
shall conduct and present analysis as specified in section 3.2.

11.2 HST Gyro Augmentation Support

The contractor shall include within the DM the necessary circuitry, harnessing, and
connectors to interface between HST, the GFE gyro Electronic Conditioning Units, 1553
interface electronics, and the replacement gyros.

11.3 HST Mechanical Interface

The contractor shall mechanically interface to HST as specified in the DM requirements
as defined in section C.0.

12.0 Ejection Module Interface

The Ejection Module (EM) houses all the replacement equipment required for the
servicing activities, with the exception of the replacement battery subsystem and the

ECU’s and the control electronics for the replacement RSU’s, which are housed in the
DM.

The EM also houses the Grapple Arm (GA) and the Dexterous Robot (DR). The GA is '
used during the capture phase to effect docking, and the GA/DR combination is used for
servicing operations.

After servicing operations are complete, the EM is ejected from the HST/DM mechanical
system.

The contractor shall ensure that the DM to EM interfaces are compatible with all required
HRSDM functions.

13.0 De-orbit Module Ground System Development
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13.1 Ground Segment and Operations Management

The HST Program is responsible for the overall ground system and the integration and
test of the HRV and HST ground systems. The contractor shall provide the technical and
management oversight of all of the DM Ground Segment and Operations development
support activities. This part of the contractor’s management function shall coordinate all
of its Ground Segment and Operations-specific activities, including planning, reviews
and meetings, quality assurance, data and documentation.

13.2 Ground Segment and Operations Systems Engineering

The contractor shall perform the systems engineering tasks required to coordinate and
integrate HRV and Ground Segment development and ensure compatible end-to-end
system design. These tasks shall include the examination of HRV and Ground Segment
designs in sufficient depth to identify and characterize physical, functional, or operational
incompatibilities that exist or are anticipated, and the coordination of appropriate
remedial actions through the HST Program. The contractor shall establish and maintain
contact with the HST Program Ground Segment development organizations to coordinate
joint or otherwise interrelated development activities.

The contractor shall participate in reviews of Ground Segment systems for which the
HST Program is responsible [e.g., scheduling, command generation, real-time
commanding & monitoring, trend analysis, orbit determination, and Project Data Base
(PDB) creation, management and maintenance] in order to ensure end-to-end
compatibility of the Ground Segment with the DM. The contractor shall create, deliver,
and document the DM software, data and training needed to implement the above
systems. The HST Program will define and conduct top-level systems analyses and trade
studies pertaining to the Ground Segment and mission operations. The contractor shall

participate in and support the aspects of these analyses pertaining to interaction with and
use of the DM.

The contractor shall support the HST Program’s development of the HRSDM operations
concept. As part of this activity, the contractor shall define the capabilities of the DM
elements they are responsible for and the manner in which they both support and impact
HRYV operations (e.g., target acquisition times, momentum management interfaces, and
stability required characteristics for proximity operations). The contractor shall provide
inputs for and support development of simulation scenarios for operations planning.

The contractor shall support HST Program technical reviews of the Ground Segment.
The contractor shall support Ground System testing.

13.3 Ground System Hardware and Software

Page 44 of 51



NNGOSEAO01C
Attachment A

The contractor shall support the HRSDM team in integrating the DM with the HRV
Ground System. The HST Program will be responsible for development and operation of
the Ground Segment. The DM contractor shall provide the DM Ground Test Set
(DMGTS) that will process all data types and formats that the DM will transmit and
receives during all phases of the mission. The DMGTS shall provide a set of Application
Program Interfaces (API) that will allow the Control Center System (CCS) to interface
with it. The HST Program will manage the Ground Segment interface to the HRV.

The contractor shall provide DM-specific operations support for launch, on-orbit
checkout, deployment, and servicing operations for the HRV.

13.3.1 Ground System DMGTS

The DM Contractor shall provide a DMGTS that provides the hardware and software
necessary to command the DM/EM and monitor DM/EM telemetry. The DMGTS shall
be able to receive and process all data types and formats that the DM will transmit during
all phases of the mission. The DMGTS shall be able to process and transmit all
command types and formats that the DM will receive during all phases of the mission.

The DMGTS shall be able to function as a standalone test system, supporting a minimum
of 4 workstations, for performing all data processing and commanding that is required to
support the EM/DM Flight Hardware and Software I&T test programs. The DMGTS
shall provide a set of Application Program Interfaces (API) that will allow the HST
Program to use the Control Center System (CCS) system to control it and extend the
DMGTS’s capabilities and produce an integrated system look and feel for the Flight
Operations Team.

If the DMGTS is built from a contractor provided base system and not a HST CCS
system, the DM Contractor will provide 3 early versions of the DMGTS to GSFC soon
after the procurement is awarded.

The Contractor will provide updates to the systems at GSFC during the DM development
phase to meet GSFC Flight Hardware and Ground System Development, Test and
training efforts.

The DM Contractor shall provide support and training at GSFC to the HST Program for
integrating the DMGTS into the HST Ground System.

The Contractor will provide a version of the DMGTS with the fidelity needed to train
HST Operations Personnel for the Robotic Servicing Mission 18 months prior to the SM
Launch Date.

13.3.2 Ground Segment Trade Studies
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The HST Program will define and conduct top-level systems analyses and trade studies
pertaining to the Ground Segment and mission operations. The DM Contractor shall
support these trade studies to assess if the DM Ground Test System (DMGTS) should be
built from a CCS test system or a Contractor provided base system.

The DM Contractor shall support trade studies to determine the configuration of the
DMGTS and the HST Ground System that will be needed to provide the availability and
reliability requirements that will be needed to support critical activities.

The DM Contractor shall support trade studies to determine if capabilities, beyond those
needed for I&T, that are needed to support servicing and post servicing operations should
be provided by the HST Ground System Team or the DM Contractor.

13.3.3 Ground System DMGTS Network and Security

All computer systems provided by the DM contractor shall comply with NPG 2810. The
HST Program will provide all LAN connectivity at GSFC, network security at GSFC,
and WAN connectivity to TDRSS and DSN ground stations.

13.3.4 Ground System TDRSS Scheduling

The DM Contractor shall provide the requirements that will be needed to add the
scheduling of TDRSS forward and return links to the HST PASS scheduling system that
will be needed to support DM direct operations.

The contractor shall design the DM to minimize post-servicing TDRSS scheduling of

DM direct events. It is expected that the 1553 interface with HST will provide a path for
housekeeping and routine commanding.

13.3.5 Ground System DMGTS Post-Servicing Support

The HST Ground System team will provide maintenance on the HST Ground Systems to
include the DMGTS between the SM and de-orbit phases of the mission.

The DM Contractor shall provide support and training at GSFC to the HST Program for
maintaining and upgrading the DMGTS.

13.3.6 Ground System DMGTS De-orbit Support

The contractor shall verify the integrity of the DMGTS prior to the de-orbit phase and, if
needed, restore the system to an as-delivered state.
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13.4 Ground Segment Mission-Level Operations and Mission Planning Support

The contractor shall provide to the PDB the algorithms, parameters, constants, system
characteristics and documents needed to operate the DM. The operational information
provided by the contractor shall include information that describes and enables the use of
GA components to support docking operations. The contractor shall adhere to HST
Program processes for certifying each PDB item’s readiness for ground and/or flight use.
Certification shall involve tests using engineering models, test facilities and simulators,
as appropriate, prior to use with the flight hardware. Each element of the PDB to be used
for post-launch HRV operations shall be certified for use within and by the HRV Ground
Segment. The certification process shall be described in the Project Data Base (PDB)
Certification Plan (DRD OPS-01). In the Project Data Base (PDB) Certification
Reports (DRD OPS-02), the contractor shall provide readiness certification for each
item of the DM to allow use with the flight hardware.

The contractor shall support the HST Program in the development of operations
procedures, including definition of requirements for these procedures and review of
procedures for completeness and safety. This support shall encompass all operations
procedures including routine, contingency, and fault isolation procedures. The contractor
shall support the testing of operations procedures and the training of operations personnel
in the use of these procedures. The contractor shall co-locate staff at GSFC to support
these activities and to support launch and servicing operations.

The contractor shall deliver DM commands and procedures for inclusion in the
appropriate Ground System Database. Depending on the base system chosen to build the
DMGTS, the database may or may not be in the PDB format that the CCS system uses.
The contractor shall adhere to the HST PDB format for any data processed by a HST
CCS system.

The contractor shall develop and provide, in a form compatible with the DMGTS, the
commands, procedures, algorithms, and reference data required to command the DM,

display telemetry, and trend the performance of the DM for all data that is sent directly
from or to the DM.

The contractor shall develop and provide, in a form compatible with the CCS ground
system, the commands, procedures, algorithms, and reference data required to command
the DM, display telemetry, and trend the performance of the DM for all data that is
received or sent through HST. The procedures, algorithms, calibration and reference data
shall be defined in a Reference Data Description Document (DRD OPS-03).

The contractor shall create and deliver the Operations Handbook (DRD OPS-04),

which describes the DM subsystems and their functions, the subsystem operational
- modes, and DM and ground system operating guidelines.
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The contractor shall create and deliver the DM Constraints and Restrictions Document
(CARD) (DRD OPS-05) describing the limitations of DM components and describing
the measures necessary to protect and ensure the safe use of the DM and its components.

The contractor shall create and deliver the DM Operations Limitations Document
(OLD) (DRD OPS-06) documenting uses and configurations of DM components that are
safe but can result in interruption of the mission timeline and/or loss of data.

The contractor shall support tests conducted by the HST Program during HRSDM I&T.
These tests shall include the Ground System Verification and Validation (V&V) Tests
and the End-to-End Data Flow V&V Tests.

13.5 DM Simulators and DM Operations Training

The contractor shall support the use of the simulators specified in Paragraph 7.7 and 8.3.2
for their described purposes. The contractor shall train HRSDM team personnel in the
operation and maintenance of these simulators.

The contractor shall provide operations-oriented DM training to the HST Program. The
contractor shall provide the Training Scenarios and Training Course Materials
Document (DRD OPS-08).

The contractor shall provide on-site support for all mission simulations in support of
launch and early orbit operations, proximity operations and capture, the servicing mission
and DM/HST de-orbit operations.

14.0 Mission Operations

The contractor shall develop a Flight Procedures Handbook (DRD OPS-09), which
includes nominal and contingency DM procedures for all phases of the mission.

The contractor shall support all operational phases of HRSDM and, subsequent to the
servicing activity, shall support HST in the areas of sustaining engineering, software

maintenance, and anomaly resolution.

The contractor shall also develop a Flight System Description and Operations Manual
(DRD OPS-07)

15.0 Common Components

The contractor shall provide the government the opportunity to purchase additional
common components (such as computers, sensors, etc.) for use in the EM.
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D. ACRONYM LIST

ADD
CARD
C&DH
CCR
CCS
CDR
CM
COTS
DM
DMGTS
DMP
DR
DRD
EEPROM
EGSE
ELV
EM
EMC
EMI
EPS
ETU
EVMS
FPGA
FRR
FSW
FVMF
GA
GFE
GMM
GN&C
GOTS
GSE
GSFC
HRSDM
HRV
HST
ICD
I/O
IPT
ISO
1&T
IV&V
LV
MAR

Algorithm Design Document
Constraints and Restrictions Document
Command and Data Handling
Configuration Change Request

Control Center System

Critical Design Review

Configuration Management
Commercial Off-the-Shelf

De-orbit Module

DM Ground Test System

Document Management Program
Dexterous Robot

Data Requirements Document
Electrically Erasable Programmable Read-Only Memory
Electrical Ground Support Equipment
Expendable Launch Vehicle

Ejection Module

Electromagnetic Compatibility
Electromagnetic Interference

Electrical Power System

Engineering Test Unit

Earned Value Management System
Field-Programmable Gate Array

Flight Readiness Review

Flight Software _
Flight Software Validation & Maintenance Facility
Grapple Arm

Government Furnished Equipment
Geometric Math Model

Guidance, Navigation, and Control
Government Off-The-Shelf

Ground Support Equipment

Goddard Space Flight Center

Hubble Robotic Servicing and De-orbit Mission
Hubble Robotic Vehicle

Hubble Space Telescope

Interface Control Document

Input / Output

Integrated Product Team

International Standards Organization
Integration and Test

Independent Verification and Validation
Launch Vehicle

Mission Assurance Requirements
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MOTS
NASA
NASTRAN
OCC
OLD
ORR
OTS
PCS
PDB
PDR
PROM
PSR
QMS
RF
RGA
RGMM
RMS
RTMM
SDV
SDVF
SINDA
ST units
SM4
SMOV
SMP
SOW
SRR
SRS
TCS
T™MM
TRR
TSS
V&V
VDD
WBS

NNGO5EA01C
Attachment A

Mission Operations Review

Modified Off-The-Shelf

National Aeronautics and Space Administration
NASA Structural Analysis

Operations Control Center

Operations Limitations Document
Operations Readiness Review
Off-The-Shelf

Pointing Control System

Project Data Base

Preliminary Design Review
Programmable Read-Only Memory
Pre-Shipment Review

Quality Management System

Radio Frequency

Rate Gyro Assembly

Reduced Geometric Math Model
Remote Manipulator System

Reduced Thermal Math Model
Software Development and Validation
Software Development and Validation
System Improved Numerical Differencing Analyzer
International System of Units
Servicing Mission 4 '
Servicing Mission Observatory Verification
Software Management Plan

Statement of Work

Software Requirements Review
Software Requirement Specification
Thermal Control System

Thermal Math Model

Test Readiness Review

Thermal Synthesizer System
Verification and Validation

Version Description Document

Work Breakdown Structure
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TBD/TBR List
Item Section TBD/T | Description Responsible Party | Due
No. No. ‘ BR Date
2.0 TBD Mass Properties Status Report Document# | NASA PDR
1. 3.2.1.1 TBR Uncontrolled body rates up to 0.22 NASA ATP
Deg/Sec/axis
2.
3. 3232 TBD Servicing video observation — resolution NASA PDR
» and frame rate
4. 33.13.11 TBD Figure 3-6 HST SA3 and HGA Sweep NASA ATP
Volumes (TBD)
5. 3.3.133 TBD DM clearance to connectors P105 and NASA SRR
P106
6. 3.3.15.1 TBD Main (J101) umbilical actuator envelope NASA ATP
size
7. 3.3.1.5.2 TBR Main (J101) umbilical actuator weight Ibs. | NASA ATP
8. 3.3.1.6 TBR GIU mechanical interfaces drawing NASA PDR
9. 3.3.1.6.1 . TBD GIU Mechanical Envelope NASA PDR
10. 3.3.1.6.2 TBR GIU weight is 25 Ibs NASA PDR
11. 3.3.1.6.3 TBD | Intermediate in-line interfaces between
ECU and RSU
12. 3.3.1.6.4 TBR Wire gauge size of 20 NASA SRR
13. Table 3-6 — TBD GIU Pin out Tables NASA PDR
Table 3-11 '
14. 3.3.1.8 TBR HST486 Mating half connector P/N NASA SRR
15. 3.3.19 TBR GIU to 1553 Connector Mating half NASA SRR
16. 3.3.1.11 TBD HRYV to HST Connector layout NASA PDR
17. 3.3.1.11 TBD The location of the connector interface DM SRR
plate
18. 3.3.1.17.1.1 TBD FOV CCS-4 NASA SRR
19. 33.1.17.1.2 TBD Shutter not completely light-tight and :
detector sensitivity to wave length
20. 3.3.2.1.1 TBD Liftoff static loads to b) P101 main NASA ATP
umbilical actuator to TBD g.
21. 33212 TBD Random Vibration limits to b) P101 main | NASA ATP
umbilical actuator to TBD g RMS
22. 33214 TBD GIU vent location per drawing: NASA PDR
23. 33215 TBD Shock loading due to ELV separation NASA PDR
document
24, 3.3.2.1.6 TBD ELV Resonant Frequency Constraints NASA PDR
document
25. 3.3.2.2.6.1 TBD a) GIU to pyro shock loads NASA PDR
26. 3.3.2.2.6.1 TBD b) P101 main umbilical actuator to pyro NASA PDR
shock loads
27. 3323 TBR Minimum first rigid body mode of 9hz NASA SRR
28. 33232 TBD Minimize SA3 excitement frequencies NASA SRR
29. 3.3.25.1 TBR Liquid slosh — maximum modal gains NASA SRR
30. 3.3.3.1.1 TBD Maximum effective thermal conductance NASA SRR
at 3 berthing pin attachment points is TBD
watt/°C
31. 3.3.3.1.2 TBR Cable effective conductances (K) are less | NASA SRR
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TBD/TBR List

Item Section TBD/T | Description Responsible Party | Due

No. No. BR Date
than or equal to 0.1 watt/°C

32. 333.14 TBR GIU surface properties are (og) 0.96/0.87 | NASA SRR

33. 333.14 TBD Surface properties of: NASA SRR
b) P101 main umbilical actuator

34. 333.14 TBR GFE thermal capacity of GIU is 3.46 NASA SRR

: BTU/°F

35. 333.14 TBD GFE thermal capacity of b) P101 main NASA SRR
umbilical actuator

36. 33.3.15 TBR Operational Temperature limit of GIU is - | NASA SRR
24 to 60°C

37. 333.15 TBD Operational temperature limit of b) P101 NASA SRR
main umbilical actuator to between TBD

38. 3.3.3.1.5.1 TBD Thermal Power NASA SRR

39. 333.1.5.2 TBD Thermal Power Mode Definitions NASA SRR

40. 3.3.3.1.53 TBD Thermal Power Mode Constraints NASA SRR

41. 3.33.1.54 TBD Normal Science Mission Thermal Power NASA SRR
Configuration

42. 333.1.6 TBR GFE non-operational - Temperature Range | NASA SRR
of GIU to between -45 to 60°C

43. 3.3.3.1.6 TBD GFE non-operational - HRV temperature NASA SRR

i b) P101 main umbilical actuator to

between TBD

44, 3.3.3.35 TBR Total mass fluence during AR&C limited | NASA SRR
to 3.6e-8 g/cm2 ;

45. 3336 TBR Orbital debris flux model as defined in NASA SRR
NASA TM-100-471

46. 3342 TBR 300 Amp hour of battery capacity NASA | SRR

47. 33.4.6 TBR Switching devices-compliance with TBD NASA PDR

48. 3349 TBD HRYV shall provide power for b) P101 NASA PDR
main umbilical actuator up to TBD watts

49. 3349 TBR HRYV shall provide power for a) GIU20 | NASA PDR
watts

50. 3.3.4.10.2 TBD Grounding of Interfaces, Multi-layer NASA PDR
Insulation (MLI)

51. 3.3.4.103 TBD Grounding of Interfaces, Non Conductive | NASA PDR
Surfaces

52. 3.34.11.1 TBD HRYV Power Bus Ripple and Noise NASA SRR

53. 3.3.5.7 TBR Propulsion — 50m safety zone during NASA SRR
inspection and rate determination

54. 3.3.5.7 TBR Propulsion — 5m safety zone during robot | NASA SRR
arm deployment and capture

55. 3.3.6 TBD Instrumentation and Communication NASA SRR
Interfaces

56. 3.3.6.1 TBD Command Types NASA PDR

57. 3.3.6.2 TBD Command Formats NASA PDR

58. 3.3.6.3 TBD Command Signal Characteristics NASA PDR

59. 3.3.64 TBD Differential Signals NASA PDR

60. 3.3.6.5 TBD Data Interface NASA PDR

61. 3.3.6.5.1 TBD Data Functions and Characteristics NASA PDR

Page 22 of 154




- NNGOSEA01C

Attachment B
TBD/TBR List
Item Section TBD/T | Description Responsible Party | Due
No. No. BR | Date
62. 3.3.6.5.2 TBD Data Formats and Timing NASA PDR
63. 3.3.6.5.3 TBD Data Transfer Rates NASA PDR
64. 33.6.54 TBD Data Input Interface NASA PDR
65. 3.3.6.5.5 TBD Timing Interface NASA PDR
66. 3.3.7 TBD EVR Interfaces NASA PDR
67. 3.3.7.1 TBD Restricted Zones NASA PDR
68. 3.3.72 TBD EVR Temporary Stowage , NASA PDR
69. 34 TBD Launch Vehicle to HRV Interfaces NASA PDR
70. 3.5 TBD DM to EM Interfaces NASA SRR
71. 3.7 TBD HRYV to ORI/ORU and Dexterous Robot NASA PDR
: Interfaces ICDs
72. 3.7.322 TBR Radial SI Magnetic Fields: A/B/C — 6 NASA PDR
_ gauss
73. 4.1.14.1 TBR Table 4-1 Limit load factors for HRV NASA SRR
components
74. 4.1.144 TBD Acoustic Load test level per ELV users NASA PDR
_ guide document
75. 4.1.14.5 TBD Maximum pressurization rate defined in NASA PDR
ELV users guide document '
76. 4.1.14.5 TBR Figure 4-2 ELV depressurization plots NASA PDR
77. 4.1.14.7 TBR On-orbit installation loads <100 Ibs NASA SRR
78. 4.1.14.7 TBR Table 4-3 HST PFR limit load capability NASA SRR
79. 4.1.14.8 TBD Robot induced loading Forces and NASA PDR
- | Moments
80. 4.1.1.52 TBR All pressurized components comply with NASA PDR
MIL-STD-1522 :
81. 4.1.1.9 TBD HRYV Mass Properties Control Plan SMR- | NASA PDR
5091
82. 4.1.1.11.1.1 TBD HRYV Connector support bracket NASA PDR
connections
83. 4.1.1.11.1.3 TBR Instructional labels NASA PDR
84. 4.1.1.11.13 TBR Protect against accidental NASA PDR
activation/deactivation
85. 4.1.2.2.1 TBR Load Capability of 3263 + 150 Watts
86. 4.1.2.7 TBD For EMC, use GEVS-SE for 120 VDCto | NASA SRR
robot
87. 4.1.3.1 TBR Conductive transfer of heat between DM NASA SRR
& HST <10 Watts
88. 4.1.33 TBR Minimum 12 hours in +V3 sun pointing NASA PDR
attitude before transport .
89. 4133 TBR ERC tool temp range —10 Deg C to +100 NASA PDR
Deg C .
90. 4.14.1 TBR Rate null after separation in 100 minutes NASA PDR
91. 4.1.6 TBD Pyrotechnic NASA PDR
92. 4.1.7.3 TBR Vapor Pressure for lubricants < 10E-7 torr | NASA PDR
93. 4.3 TBD EM Design requirements NASA PDR
94. 4.4 TBD Robot Arm Design Requirements NASA PDR
95. 5.10.3 TBS Watchdog time rate DM PDR
96. 5.12.2 ‘TBS Dwell tables and addresses DM PDR
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Item Section TBD/T | Description Responsible Party | Due
No. No. BR Date
97. 5.12.2 TBS Dwell table sample rate-Hz DM PDR
98. 5.13.1.6 TBD Resolution bit of a specified time and
FSW stored commands in seconds
99. 5.13.2.1 TBS number of absolute-time stored command | NASA PDR
‘ sequences concurrently :
100. 5.13.3.1 TBS number of relative-time stored command NASA PDR
sequences concurrently
101 Fig. 6-1 TBD DM Conceptual Block Diagram
102 6.3.14.1 TBR Null rate accomplished in 100 minutes.
103 6.3.2.3.1 TBD . | HRV coordinate system
104 6.3.3.7.3 TBR The DM grounded to the HST by less than
' or equal to 10 Milliohms
105 634323 TBD GIU Characteristics specification
document
106 6.3.5.1.2 TBR Tipoff rates that are less than or equal to:

V1<=0.138 degrees/sec, V2<=0.103
degrees/sec, V3<=0.132 degrees/sec

107 6.3.522 TBD Loads imparted by the DM to the EM
during EM ejection shall not exceed

108 6.3.6.4.1 TBD DM shall have a minimum first rigid body
mode of 20 Hz

109 6.3.6.4.2.1 TBR Appendage on the DM shall have a Kb of
<=0.04 (0 to 1 Hz), and <= 0.02 (> 1 Hz)

110 6.3.6.4.2.2 TBR Propellant “slosh” on the DM shall have a
Kb of <= 0.02 (0 to 1 Hz), and <= 0.01 (>
1 Hz)

111 6.3.6.4.5 TBR HST Aft Shroud LGA coverage below
95% and communication signal strength
by 1.7 dB

112 Table 7-1 TBD Verification Compliance Matrix
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1. INTRODUCTION

1.1  GENERAL

This Contract End Item (CEI) Specification establishes the requirements for the design,
performance, and verification of the Hubble Space Telescope (HST) Robotic Vehicle (HRV),
which will be launched from an Expendable Launch Vehicle (ELV) and will Autonomously
Rendezvous and Capture (AR&C) with the HST.

For the purpose of this document, autonomous is defined as the independent or self-directed
execution of a sequence of commands with Authority to Proceed (ATP) points to be confirmed
by ground operations where the complete independent set of commands and ATPs would define
an operational or mission phase (e.g., pursuit or'capture). For the purpose of this document, the
capture phase includes docking the HRV to HST. '

 The primary requirement of the HRV is to provide a controlled re-entry capability to the HST.
Throughout this document, wherever the requirement for De-orbit or controlled re-entry is
specified, the contractor may, with the concurrence of the Contracting Officer, utilize an alternate
method of HST disposal, in accordance with NPD 8710.3B (perigee > 2,500 km, Apogee <
35,288

km). In no case shall the capability for an alternate disposal affect other requirements of this
document. The secondary requirement is to extend the scientific life of HST with a focus on
battery and gyroscopic augmentation. This includes ensuring that the scientific performance of
the observatory is not degraded by adding these capabilities, i.e. “Do no harm”. In the event of
an unanticipated or unlikely contingency case, providing the controlled re-entry capability takes
precedence over all HRV life-extension requirements. The HRV shall be able to accomplish its
objectives during all phases of its mission independent of the operating state of the HST. This
includes: pursuit, proximity operations, capture, servicing, and de-orbit operations.

The HRYV shall provide additional HST life extension, capability for change out of enhanced
Orbital Replacement Instruments (ORIs)/ Orbital Replacement Units (ORUs) and safely dispose
of the HST at the end of its science mission. The HRV, see Figure 1-1, consists of: 1) a De-orbit
Module (DM), which provides HRV control functions during pursuit, proximity operations,
capture, and servicing (including controls for the grapple arm and robot), the AR&C sensor suite,
and the HST controlled re-entry propulsion and control system; 2) an Ejection Module (EM),
which provides the a) Launch storage for the ORIs/ORUs and the robot, b) the grapple arm
mechanical and electrical interfaces, ¢) pursuit, proximity, capture, and servicing Guidance
Navigation and Control (GN&C) actuators including propulsion, and d) EM disposal propulsion
and GN&C system; 3) a grapple arm for the capture of HST at either grapple fixture, docking and
robotic servicing; and 4) a robot for servicing implementation.
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Figure 1-1. HRV Concept

1.2 ORGANIZATION

This document is a compilation of hardware requirement and interface control documents that
pertain to the HRV mission. It is structured from the HRV requirements flowdown as shown in
Figure 1-2. This document has been divided into the following sections: 1.0 Introduction, 2.0
Applicable Documents, 3.2 Level I/III System Requirements, 3.3 to 3.7 Interface Controls, 4.0
Design Requirements, 5.0 Flight Software (FSW), 6.0 DM Design Requirements, and 7.0
Verification. All interface control sections, 3.3 through 3.7, provide design definition that will be
developed collaboratively with the DM contractor. Therefore, it is provided as information,
unless specifically referenced within the requirement sections.

Sections 3 through 5 address interface controls and requirements by discipline function (i.e.

mechanical, electrical, thermal, etc.), whereas section 6.0 identifies DM requirements by HRV
mission phase. Therefore, Section 6.0 has some duplication of requirements.
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For procurement purposes, this document has combined many documents identified in Figure 1-2
into this one document. The following is the order of precedence for this procurement document:
1) Section 3.2, Level I and 1T System requirements;

2) Section 6.0 DM Design Requirements;

3) Section 5.0 Flight Software;

4) Section 4.1 HRV Design Requirements;

5) Section 3.3 through 3.7 Design definition.
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1.3 CONTENT STATUS

The information contained in this document represents the current definition of the performance
requirements for the HRV in all areas except where noted by a To Be Determined (TBD) or To
Be Resolved (TBR). TBD indicates that the information required is not available, even in
preliminary form. TBR indicates that the information is the best available at the time but final
details remain to be resolved.

14 DOCUMENT CHANGE PROCEDURE

Once this document is baselined, any changes, including the removal of a TBD or TBR must be
done formally. This requires that a Configuration Change Request (CCR) be processed through
the HST Configuration Control Board (CCB).
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2.  APPLICABLE DOCUMENTS

The following documents, of the issue shown, form a part of this specification to the extent
referenced herein. Within the text of this specification, applicable documents are referenced by

their basic number only.

DOCUMENT NO.
540-PG-8715.1.1

EEE-INST-002

EM: FS&S 1483
EWR 127-1

GEVS-SE
Rev A
GSFC-(PPL)-21

GSFC-731-0005-83B

GSFC S-313-100
Rev. A
HRV-DR-ICD

HRV-GA-ICD
IPC-2221
IPC-2222
IPC-2223

IPC A-600
IPC-6011
IPC-6012
IPC-6013

KHB 1700.7
MIL-B-5087B

MIL-B-7883
Rev. C
MIL-C-17
Rev. F
MIL-C-27500

MIL-C-38999
MIL-C-39012

TITLE
Mechanical Systems Center Safety Manual Volumes 1 & 2

Instructions for EEE Parts Selection, Screening, Qualification and

Derating »
HST Mechanism Design Reqts. & Guidelines

Eastern and Western Range (EWR) 127-1 Range Safety Requirements

General Environmental Verification Specification for STS and ELV
Payloads, Subsystems, and Components
GSFC Preferred Parts List

General Fracture Control Plan for Payloads Using the STS
GSFC Fastener Integrity Requirements

ICD for the Hubble Robotic Vehicle Dexterous Robot

ICD for the HST Robotic Vehicle (HRV) to Grapple Arm (GA)
Generic Standard on Printed Board Design

Sectional Design Standard for Rigid Organic Printed Boards
Sectional Design Standard for Flexible Printed Boards

Acceptability of Printed Boards

Generic Performance Specification for Printed Boards

Qualification and Performance Specification for Rigid Printed Boards

Qualification and Performance Specification for Flexible Printed
Boards

Bonding, Electrical, and Lightning Protection for Aerospace Systems

Military Spec Brazing of Steel, Copper, Copper Alloys, Nickel Alloys,
Aluminum and Aluminum Alloys
Cables, Radio Frequency, Flexible & Semi-rigid

Connectors, Electrical, Circular, Miniature

Connectors, Coaxial or Plug, Electrical
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DOCUMENT NO.
MIL-H-38534
Rev.B
MIL-HDBK-5G

MIL-P-55110 Rev. E
MIL-STD-461A/3

MIL-STD-462
Rev.D
MIL-STD-975
Rev. K
MIL-STD-1246
Rev. B
MIL-STD-1522A

MIL-STD-1791
MIL-W-22759
MIL-W-81381
NPD 8710.3B
NASA TM 100-471

NASA TMX-73331
Rev A
NASA-STD-5005

NASA-STD-8719.9
NASA-STD-8739.1

NASA-STD-8739.2
NASA-STD-8739.3
NASA-STD-8739.4
NHB 5300.4

NPR 6000.1E

SCM-1020 Rev D
SE-04

SMR-5000
SMR-5091
ST-ICD-02 Rev E
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TITLE
Military Spec. Hybrid Micro-circuits, Gen. Spec for
Metallic Materials and Elements for Aerospace Vehicle Structures
Military Spec. Printed Wiring Boards

Mil. Std. Electromagnetic Interference Characteristics, Req. for
Equipment
Mil. Std. Measurement of Electromagnetic Interference Characteristics

Electrical, Electronic and Electromechanical (EEE) Parts List
Mil. Std. Product Cleanliness levels & Contamination Control

Safe Design and Operation of Pressurized Missile and Space Systems
Mil. Spec. Sheet, Wire, Electrical,

NASA Policy Directive for Limiting Orbital Debris Generation

Orbital Debris Environment for Spacecraft Designed to Operate in
Low Earth Orbit ‘
Natural Environment Design Requirements for the Space Telescope

NASA, Design Criteria Standard, Ground Support Equipment
NASA Standard for Lift Devices and Equipment

Workmanship standards for Staking and Conformal Coating of Printed
Wire Boards and Electronic Assemblies
Workmanship standards for Surface Mount Technology

Soldered Electrical Connections

Crimping, Interconnecting Cables, Harnesses, and Wiring

Requirements for Packaging, Handling and Transportation for
Aeronautical and Space Systems’ Equipment and Associated
Components

HST Flight Projects Configuration Management Plan

HST Mass Properties Report

HRYV Mission Assurance Requirements
HRYV Mass Properties Control Plan
Axial SI'to OTA and SSM ICD
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DOCUMENT NO.

ST-ICD-03 Rev F
ST-ICD-91
STR-29

STR-78

STR-81
Rev. A
ST/SE-TBD

STR-125
STR-126
4171550
4171580

4171583
4171590
4171599-501
4171776-003
4175650-501
4175788
4175792
4176429
4177051
4177659

- GE 1525373
GE 2021299
GE 2044728
96337201000
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TITLE
Radial SIto OTA and SSM ICD

Axial SI'to SSE ICD

HST Servicing Mission Contamination Requirements

HST Level I Requirements for the Operational Phase of the HST
Program

HST Third Servicing Mission Level 3 FS&S Requirements
HRYV Mass Properties Status Report

HST SM4 Level II Requirements

HST Assembly Complete

BASIC CONFIGURATION & ALIGNMENT DRAWING SMM
ASSY & ST
Grapple Fitting Assembly Starboard

Aft Shroud Assembly Complete

UMB Retract Mech — Inst of

Rate Gyro Assembly — Electronic Control Unit
BERTHING TARGET FSS CCTV

Tower, Umbilical, - FSS

Berthing Pin Assembly

Rate Gyro Assembly — Electronic Control Unit
Grapple Fitting Assembly Port

Hubble Space Telescope Inboard/Outboard Profile
External Mech. /F HST to HRV

HST Advanced Computer ORU Assembly Drawing
Envelopes, ASCS/NCS Conduit to HST

FSS Interface Gauge Assy HST
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3. REQUIREMENTS

3.1 SYSTEM DESCRIPTION

The function of the HRV is to provide additional life extension of high probability failure items
and safely dispose of the HST at the end of its science mission. Life extension shall be achieved
through robotic ORI/ORU change out and/or augmentation. HST safe disposal shall be provided
by a controlled re-entry to Earth that meets the conditions of NASA NPD 8710.3 at the end of
HST’s science mission. :

The HRV consists of two modules, 1) a De-orbit Module (DM), which provides the AR&C and
the disposal propulsion and control system; 2) an Ejection Module (EM), which provides a)
Launch storage for the ORIs/ORUs and the robot, b) the grapple arm mechanical and electrical
interfaces, ¢) a propulsion and control system for pursuit and docking and d) EM disposal
propulsion and control system; 3) a grapple arm for access to the HST for robotic servicing; and
4) a robot for servicing implementation. ‘

The ORU/ORISs and robot (Government Owned Equipment (GOE)), are stowed in the EM, from
launch until they are needed during the servicing mission phase (except the Electronic Control
Units (ECUs)). The grapple arm is attached to the EM and stowed for launch. Instruments
removed from HST during the servicing phase will be stowed in/on the EM. Government
Furnished Equipment (GFE) items housed within the DM include: Gyro Interface Units (GIUs)
and the main mechanical umbilical actuator (P101). The batteries that provide HST power
augmentation are in the DM.

The grapple arm uses a Latching End Effector (LEE) to capture either of the two HST grapple
fixtures. The arm then positions and aligns the DM with the HST Aft Bulkhead (AB) Flight
Support System (FSS) Berthing Pins. The HRV then mechanically mates with the HST at the
FSS Berthing Pins. Once the HRV is mated to the HST, the grapple arm extracts the robot from
the EM. The robot then starts the process of HST ORU/ORI augmentation/servicing.

Baseline servicing activities include:

1.  Connecting the HRV batteries in parallel with the HST EPS at the Solar Array (SA)
Diode Box Assembly 2 (DBA2) interface to provide HST Battery Augmentation;

2.  Removing the Wide Field/Planetary Camera I (WE/PC II) instrument and replacing it
with the Wide Field Camera 3 (WFC3) Science Instrument (SI) which includes the
three gyro Rate Sensor Units (RSUs), each housing two rate sensors, for gyro
augmentation;

3.  Replacing the HST Corrective Optics Space Telescope Axial Replacement (COSTAR)
instrument with the Cosmic Origins Spectrograph (COS) instrument.

Each RSU mounted on the WFC3 instrument provides vehicle rate data to and is controlled by
their associated ECU mounted in the DM. Data from the ECU is ultimately processed by the
HST486 spacecraft computer as input to the HST Pointing and Control System (PCS). This new
combination instrument connects through harnessing to the three Government Furnished ECUs
located in the DM. The ECUs in turn are connected via harnessing to the HST486 1553 interface
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connector (J9) located in HST Bay 1. The Government Furnished ECUs will be modified to
provide redundant 1553 compatible outputs. See Figure 3-1.

HRV Gyro Interface Unit/ HST Block Diagram

:GFE Gyro Interface Unit-1

SSM Bay-1
486 Computer

& MIL-STD-1553B A/B Data Bus D GFE - [Js
Harness | ._’;!]
: Tet::‘:axor

-
I 1
| Bps 1 :
: Terminator Gyro I/O Electronics-1 "
28V —>|
1 ompwr o | gl 1
| L [ & 1
1 — Terminal ifo H 1
1 e eh1l— 1
1 | [ Remote | ©M2 1
1 — Terminal o H 1
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1 1
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Figure 3-1 HRV/HST Gyro Interface Block

The augmentation of the HST batteries with HRV batteries, residing in the DM (see Figure 3-2),
is accomplished by connecting two HST Solar Array 3 (SA3) redundant power feeds located at
each of the HST DBA2s to the HRV batteries. This allows the HRV batteries to be charged by
the SA3s. The HRV mates to the HST AB J101 umbilical and feeds either SA3 power or HRV
battery power in parallel to the HST bus.

DM BAT JDM BAT]DM BAT]DM BAT|DM BAT

DM/EM SA
DM POWER SUPPORT ELECTERONICS (PSE HRV POWER INPUTS

I
| ]
EM BAT Page 34 of 154 J101 | 7

[pcu
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Figure 3-2 HRV Battery Augmentation
(P105 and P106 and NCS power feeds not shown.)
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The exchange of COSTAR with COS in axial instrument Béy 4 is accomplished by opening the
aft shroud —V2 doors, reconfiguring the COSTAR Y-harness, removing COSTAR, then inserting
COS and closing the doors.

At the completion of the Hubble Robotic Servicing and De-orbit Mission (HRSDM) servicing
phase, the grapple arm stows the robot and itself. The DM commands the separation of the EM.
The DM remains attached to HST for battery/gyro augmentation and performs the controlled re-
entry at end-of-mission. The EM de-orbits in accordance with NPD 8710.3.

3.1.1 Launch Vehicle (LV)

The HRYV shall be launched on an ELV that is provided through the NASA Launch Services
(NLS) contract.

The HRV separation system shall be provided by the LV. The relative separation velocity and
tipoff constraint requirements are contained in the HRV to LV Interface Requirements Document
(IRD).

3.1.2 Coordinate Systems

The HST coordinate system, shown in Figure 3-3, is a right-handed, orthogonal coordinate
system with the +V (optical) axis on the HST centerline extending along the long axis of the
HST out the aperture door. The origin is 100 inches behind the Surface of the AB. The +V3 axis
(Sun direction) extends perpendicular to the SA mast and parallel to the HST keel fitting. The
+V, axis extends parallel to the SA mast to complete the right-handed coordinate system.

4 3 2 3 4
- 3 - - b
& d [ (o -
g & ¥ B 3
b & O 5
APERTURE LIGHT FORWARD EQUIR AFT
DOOR SHIELD SHELL SEC. SHROUD )
» v 2
}< + »{.‘——-—————.’ R e a S 443
ka5 — - —— —— FEGX
OTA EQUIP. . SSM-OTA UF
SEC. - Vi =240
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tadio antenna
light shield
secondary mirror

apenture door

instrument module
aft shroud

Figure 3-3 HST Coordinate System

3.1.2.1 HRYV Coordinate System

The HRV coordinate system shall be a right-hand, mutually orthogonal coordinate system
(H1,H2,H3) with the origin offset 400 inches in the -V1 direction from the aft bulkhead (100
V1,V2,V3), and the H2 and H3 axis shall align with the HST V2 and V3 axis respectively. See
Figure 3-4.
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HST HRV
STA 100 . STA O
< 400 >
HST
STA 0
HST
DMl +v3 EM +H3
d VT +V2 +H1 +H2
HRV

Figure 3-4 HRV Coordinate System

3.1.3 Tolerances

Unless otherwise noted, all dimensions are in inches and tolerances are as follows:

" Linear Dimensions
e XXX=+0.010
e XX==£0.03
e X=x0.1 Angles =+ 0.5 deg

All dimensions of the above figures are applied at 68°F.

3.2 PERFORMANCE (Note: Level II Requirements Section)

3.2.1 Autonomous Pursuit and Capture

The HRV shall be capable of pursuit, proximity operations, and capture with the HST in an un-
powered state at a maximum altitude 560 km and an orbital inclination of 28.45 degrees.

3.2.1.1 Uncontrolled HST Body Rate

The HRV shall meet Section 3.2.1 with HST body rates of up to 0.22 degrees per second per
axis. (TBR)

3.2.1.1.1 Controlled HST Body Rate

The controlled HST body rates shall be less than or equal to V1=0.057 deg/sec, V2 <0.046
deg/sec, V3 < 0.132 deg/sec except at orbit dawn when maximum body rates are estimated to be
V1 <0.138 deg/sec, V2 <0.103 deg/sec, and V3 < 0.132 deg/sec.
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3.2.1.2 Capture and Docking Attempts
The HRV shall be capable of a minimum of four capture/docking attempts.

3.2.13 Video Observation

The HRYV shall provide real time video transmission of proximity operations, and capture with
HST. Resolution and frame rate shall support ground supervision of critical operations as
specified in the Grapple Arm ICD, Section 3.2.1.2.3(¢).

3.2.14 Range Rate Redundancy

The HRV shall redundantly acquire range, range rate, and orientation data (relative to the HST)
data using two different types of sensors systems during the proximity operations and capture
mission phases.

3.2.15 Ground Abort Contingency
The HRV shall provide contingency ground abort capability for all autonomous operations.

3.2.1.6 Rendezvous Lifetime

The HRYV shall provide pursuit, proximity operations, capture and servicing capability for a
minimum of one year after launch and successful orbit insertion.

3.2.2 HST De-orbit

The HRV shall provide the means to perform a controlled re-entry of HST consistent with NPD
8710.3.

3.2.2.1 De-orbit Module (DM) Autonomy

The ability of the DM to de-orbit the HST shall be independent of the health or configuration of
the HST.

3.2.2.2 - De-orbit Lifetime

The HRYV shall be capable of de-orbit operations at anytime after servicing up to a minimum of
seven years from launch.

323  HST Servicing

3.23.1 Telerobotic Servicing

Servicing shall include telerobotic capability. For the purpose of this document, “telerobotic” is
defined as in-orbit robotic operations controlled from a ground based command center.

3.2.3.2 Servicing Video Observation
The HRV shall provide real time video transmission during all servicing operations. Resolution

and frame rate shall support ground supervision of critical operations (TBD).
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3233 Battery Augmentation
The HRYV shall provide a means to augment HST batteries as specified in Section 334.2.

3.2.34 WFC3 Change-out/RSU Augmentation
The HRYV shall provide the means to exchange WF/PC II with WFC3 containing 3 RSUs.

13235 COSTAR/COS Change-out
The HRV shall provide the means to exchange COSTAR with COS.

324 HST Attached Science Operations

After servicing HST, the combined HST/HRV shall meet Level I requirements in STR-78 and
Level II pointing stability requirements as found in STR-125 Section 3.1.2.2.

3.2.4.1 HST Power Augmentation

The HRYV shall provide an EOL power augmentation load capability (including successful hook
up the HST SA3 power source) of 2500 Watts orbital average and up to 105 Amps peak at the
HST AB J101 connector or P105/P106 connectors over the operating voltage range specified in
Section 3.3.4.7. The HRV power augmentation load capability shall be based upon the SA3
string level performance as defined in Section 3.3.4.1 with 76 operational SA3 strings ata 15
degree SA3 incidence angle. The HST contribution to the shared electrical power system
responsibility is defined in Sections 3.3.4.1 and 3.3.4.2.

The combined losses associated with the HST SA3 power tap, J101 umbilical harness, and any
power conversion device, if used, may reduce the effective SA3 power available to HST to less
than what is required to meet the aphelion HST science operating load at EOL. The DM solar
array shall supplement the SA3 power source as required to meet the EOL HST power
augmentation load requirement.

3242 HST Control Authority with HRV

Any appendage of the portion of the HRV that remains attached to the HST during science
operations shall have maximum modal gains, Kg, of 0.04 between 0 and 1 hz, and 0.02 greater
than 1 hz.

3.2.4.3 HRY Disturbances

Any module of the HRV that remains attached to HST during science operations shall limit the
disturbance torques across the HST AB to less then .004 newton meters (0.035 in-1bf).

\

3.2.4.3.1 HRYV to HST Impulse Transients

Any module of the HRV that remains attached to HST during science operations shall limit any
Enter Orbit Day (EOD) or Enter Orbit Night (EON) thermal change impulse transients to a
maximum angular momentum change of 0.018 newton-meter-second (0.16 in-Ibf-sec).
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3.2.44 HRY Science Mission Life

The HRV support for HST science mission lifetime shall be a minimum of five years from the
completion of servicing.

3.3 HST to HRYV Interfaces
3.3.1 HST Mechanical

3.3.1.1 HRY Coordinate System
The HRYV coordinate system shall be as defined in Section 3.1.2.

3.3.1.2 Capture and Docking

3.3.1.21 Primary Capture

The HRYV shall provide a primary capture mode using one of the two HST grapple fixtures,
located at HST station 358 (V1, 258 inches forward of the Aft Bulkhead) and +46 inches (V2)
(Reference Lockheed drawings 4177659, 4171580, 4171583 and 4177051).

3.3.1.2.2 Docking and Alternative Capture

The HRV shall dock to and provide the capability to alternatively capture the HST at the HST
AB FSS Berthing Pins, see Figure 3-5.

The HST has three equidistant FSS Berthing Pins located on the HST AB at HST station 93.970
inches (V1) and at a radius in the V2 — V3 plane of 36.000 inches) (Reference Lockheed
drawings 4177659, 4175792 and 4171550). One of the three equidistant FSS Berthing Pins is
aligned with the +V3 axis. An interface verification tool (GFE) will be supplied for FSS Berthing
Pin and J101 interface verification, 96337201000 (FSS Interface Gauge Assy.).

HRYV latch-to-latch co-planarity shall be less than or equal to 0.015 inches.

The AB has a berthing target that is shown in Figure 3-5, reference Lockheed drawing 4175650.
3.3.1.2.3 Backup Capture Mode '

The backup capture mode shall use either one of the station 240 two trunnion fittings located on
the +/-V2 sides of HST, or the station 240 keel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>